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^teiiXdd otndjf m Hie histologlcMiX snatony of ^ t 
eidEat MOtmt HotBgqkiff fij^^i^jifiaffi (MixanlCt 1768) ilaaaeiit 19491 
hAQ ^«n isadi* 'Sbsi tmpcm^mt JDoalnitts ftxet Hiat Hio lx>dy 
f^lOl Q0iipyi8t& of «ul&<jiaai ^^oatlcsiiXa Mid mi8eKaal»z<9t 
CGitlGttl.a l 8 fiouad to hecm tmly ftim la9«3*g* Hie ^roaXt 
vmtrel end iat»3efil (Sbovde tQW»& 1>y aii1)»o»tl0ila iMcii imdoirgo 
Q a^xQiiAtEiosi in 1X19 SQg3>€na osr noapfo vrngt datovetiiyy poxot 
v^'m snd mma* £lastoalalnani i s polyms&vim. and oofilom^etalaa 
t2^» Ili9i0tliw aystsn i s m etxalglit talm iMgltming yllh 13ie 
mottliii «iielircOL«d l}^ ' Hizoe l i p s «a(ii Ml Hi two papiXlea* Oeao^ i^agtts 
i o ojqfoxoid tjrp«« I t i e oo'vex^d o ^ r lijr tunica propxia and 
the gxouad tisdoo oon^viatd of saasgixial and xadial wis^as 
tlsifio* 9^10 inttstizta oosg?adg9d of oj^lholial. osl ia «ad 
ooannniQataa tteurttiav into '^o zoetum* Xn fetiaaXot Iha ycmtna 
foxaa on asdLt Hivoui^ tkio max poxn on tda iwiloEaX aldai tait 
in aadLa a ocHascn anoii^aaitRX paaofsisat ttio oX<MiQa i a pxaaaat* 
Exovatovar ayat«B i a liapXa and ooiapviaRd of axosvtovy povot 
ttxniaaX axoxatovy daotf axoantory alnaa and a pair of XattxaX 
axev»toi7 oanal* 9ha aain parta of l io norfoua ayata« ai» tmwm» 
Xing and tmx oapiiaXie ganglia* Hmx aain tiMTrnm Hio ao oaXXod 
aottatio nai!^a oxigiaalslng fison ttia vofls^oti'vo gangXia pvoeaad 
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poatBZioxa? in 'tie ftiorAs t i l l 1ht hin6j9r part of Hie body* 
fb« dorsia oomatto uorvo ttxtsiim-lfto in8l{snlXlQB&ia.7t Imt tb« 
'VQdi'lxal i2«rvo foxas ilie piMNanai ^m&Jnm and «ad up into Hit 
Qxia3L ganglioa ea^ oso to ^ e aimii« &Q latiX»X i«>aatLo trnvm^ 
torn 1&Q lumlaor prngaia In -^m ooudal vegloiiei ond ttfsdiuito 
into '^ ® phaaeiids* In siQX«t £iw paiars of Bdrv0« weim teom 
l&e latoxaX ^oxaatlo ia»rm9 and iimarmte Hia i^ sniteCL papllXaa 
end I3ba mtk^T* 'Stm t&mXQ xepsodaotLiro asrattm oonq x^lotd of 
tiH^^t iragliia* utizaat o<9ld£iot and -tie oimvsr* %a %K)xm £B11« 
iM 1h@ dld9Xphia sad aa£it&idoX]^ oua gvoup* Badi ovaif^  i a dl'vldad 
into gaZEsdnaX aocui miid gvovti aoaa* Utorl aaea Hila lAXlad wld» 
tate oad join to foxm t ^ ocsaiaosi -vagina Oiich opana tbraan^ 
edit liJca inil'va in Iha a<3ttat03riLal xaglan* ^aias axa mmiovtixie* 
fiatia oooaplaa Hie anttxlov paxi; of ^ a liod^ r and irla aosiinal 
•mf&tSiQt ma dafniana mid ^ataa ajaai&atostoaa opan into tlia 
(£lQaoa» Aooaaaox^ ozgana indladOf mudaX papillaat two unaqaaX 
ig^ioalaa and a aadcax* 
Obotrmtlona on Urn l l f s e^dl@ af ttia wasn ha-va alao 
iMin andarlBkatt* BataryGnio dawXopwiat upto Hia tniactlipt 
otiflit vaa tmaid uadng diff^xwit aadla at iiaxlalailLa tw^^iatiixaa* 
aoat attital&a and da^Xopoflnt apto Hia ^vaxsdiaxn aalMrya saachad 
^Hiin 13 daya* BewXapatint in nitvla aold « • iPivar zai^d* 
i^asaaa in potatalua di^voaatt pvodaaed l^uat tbio saiavat xaaoXta 
•» 3 "• 
Q&d in l»o1h 0(1088 low p«roe&ta^ ot omlir^ cma'tod ova IMS 
obtained* 30 c uas tovnA to t» tm optUaua tMBpex«1uxo. 
Hi{^ and Xov sange of ^z^esaiuxia fipoa t i i s XeimX proired 
d0tBZla«n'lid tov emlnr^ ^wiatian* KatcMng ot ova i a jclsft 
tock plaoo in ^o pyoadUool portion of Iho inttstittA uilllin 
d^ 3 hours £com itio init ial ingosticai* sseond ataga javanila 
saaohdd Ibo oaaoa %dL1hin 166 hooro* La1»r« Ihaas an tared 
into the tiosMo pl^ aast oo^atsd '^a 3rd molt and reappaarad 
in the Imam of ^& oaaoa ^thin 222 hours* Wa&m pasaad 
1liroii£$i Iha 4tb ciolt ui'ttiin 23-30 houro and ta^ioel adtilta 
\iiara produoad in 19»ao da^ a* &a lif^ o^ rala i s nozxaally 
direot tut raaolta olttainad proocmt pogLtiva rola of aarth%»xsi0 
and graedb.0|^r8 aa vaotor in tha txansE^Lasion of infaotion* 
U&siwm atxmdanoo of ilia adult woxme during rainy aeaeon alao 
indioatBd audi a poaall^i'^* Fatiologiasl aapeota of the 
\dOxm \i&e identified daring pHoary infeetlon* Xt haa \mmx 
fotmd to paroduoe daaanerati'va dhanaea in iki& tfiperfloial 
lining of lim epithelial oella end glanda of <ttie oaeoa* 
3vea«li of ssiaetOarie nuooea haa alao been obear^d* studiea 
on nataxal hetezakiaaia zevealed foxsiatifln of nodolea in the 
oaaoa* 
SOTMoing of a groi^ of ohentioBla ae part of Hie 
dheiaolliexapetttic laeaattrea haa alao been oondaoted* Fhwiolitiaeine 
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INTROOTCCTON 
H e t e r a k i s ff:allinarum (Schrank, 1788) Madsen, 1949. 
i s a nematode p a r a s i t e occur r ing i n t h e caeca of domestic 
fowl. The p a r a s i t e i s widely d i s t r i b u t e d and e s t i m a t e s of 
i t s i nc idence i n fowl popu la t ion i n our coun t ry u s u a l l y 
i n d i c a t e heavy i n f e c t i o n . Besidesf many domestic and game 
b i r d s have a l s o been found to harbour t h i s p a r a s i t e . 
The p a r a s i t e h a s been r e p o r t e d a s the causa l organism 
of ' T y p h l i t i s * among p o u l t r y , vftiich r e s u l t s i n d i a r r h e a , 
consequent l o s s of cond i t ion and dea th . Formation of nodd ie s 
and o the r p a t h o l o g i c a l changes i n the caeca have been observed. 
Evidences a r e a l s o a v a i l a b l e 1iiat heavy i n f e c t i o n with the 
worm many p r e - d i s p o s e iiie h o s t with Leiakemia v i r u s . I t s r o l e 
a s b i o l o g i c a l v e c t o r i n the spread of f a t a l d i s e a s e , 
*Histomoniasis* among tu rkeys and fowls h a s developed c o n s i -
derab le i n t e r e s t and opened a new f i e l d f o r s c i e n t i f i c 
i n v e s t i g a t i o n s . 
P o u l t r y farming happened to be a major i n d u s t r y i n 
our count ry . Rear ing of n a t i v e fowls on non-commercial b a s i s 
i s widely p r a c t i c e d i n many v i l l a g e s and towns. P o u l t r y and 
p o u l t r y p roduc t s so ld , used or t r aded a c c o u n t s a good p a r t of 
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of the t o t a l income of the country. But the information 
on var ious biological c h a r a c t e r i s t i c s of t h i s worm has been 
found to be very scanty and incomplete. Obviously, the 
changes of survival for such a promissing indus t ry appears 
to be very dim. In view of the alarming s i tua t ion a thorough 
study of the worm based on i t s morphology, biology and 
control has been undertaken. I t i s bel ieved tha t the work 
wil l f i l l in the gap and st imulate i n t e r e s t to our knowledge 
of the poul t ry p a r a s i t e s and poul t ry diseases in Ind ia . 
Since, s c i en t i f i c poul t ry farming i s becoming increas ingly 
important, anything i/Aiich i s learned with regard to the 
eradication of t h i s p a r a s i t e i s l i k e l y to have a world-wide 
appl ica t ion . 
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HISTORICAX RESUME 
The l i t e r a t u r e r e v e a l s t h a t most of the a u t h o r s i n 
r e f e r r i n g to t h i s p a r a s i t e used the name H e t e r a k i s ^ l l i n a e 
(G-melin, 1790). The /au thor , a c t u a l l y p l aced t h i s worm vdth 
the genus A s c a r i s and named i t , A s c a r i s a a l l i n a e . I n 1791» 
Kroel ich descr ibed i t aga in and c a l l e d i t a s H e t e r a k i s 
v e s i c u l a r i s . The p a r a s i t e was redescr i t Jed by Preebom (1923) 
v4io gave ihe name H e t e r a k i s a a l l i n a e . Madsen ( 1949) made a 
review of the i^diole l i t e r a t u r e and b r o u ^ t i n some f a c t s 
r ega rd ing the nomenclature of t h i s p a r a s i t e . The a u t h o r 
r e v e a l e d t h a t Gmelin ( l 7 9 0 , p . 3034) based M s s tudy of the 
worm with r e f e r e n c e to Goeze*s (1782, p . 86) d e s c r i p t i o n 
vAiich l a t e r proved to be a spec ie s of A s c a i l d i a , p robab ly 
Asca r id i a g a l l i (Schrank , 1788). G-oeze, s e p a r a t e l y desc r ibed 
a worm ( P l a t e 1, F ig . 4) \diich appeared to be t h e common 
H e t e r a k i s worm of p o u l t r y . Schrank (1788 , p . 9 ) , with c o r r e c t 
r e f e r e n c e of d e s c r i p t i o n and f i g u r e s of G-oeze, r e d e s c r i b e d i t 
under the name H e t e r a k i s ga l l i na rum. Hence, on p r i o r i t y b a s i s 
the proper name fo r the H e t e r a k i s of fowl i s now mentioned a s 
H e t e r a k i s ga l l ina rum (Schrank, 1788) Madsen, 1949. 
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The pa r a s i t e has a vd.de d i s t r ibu t ion . Clapham (1935) 
recorded a host l i s t comprised of represen ta t ives from 20 
genera and 33 species. The i n t e n s i t y of i n f e s t a t i on under 
na tura l conditions vary in di f ferent p a r t s of the world. 
A number of workers recorded f a i r l y heavy percentage of 
infected forms. Dujardin (1845) examined 190 chicken and 
found 56.8% infes ted . Ackert (1917) working a t Manhattan, 
Kansas examined 395 chickens and found an incidence of 74.1%. 
Riley and James (1921) in two separate coxints in Minnesota 
recorded percentage in fec t ion by 78.1% and 62.9% respec t ive ly . 
Dorman (1928) examined in two separate groups of 76 and 19 
chickens, 1iie f i r s t group was found to have a percentage of 
68.40. The other group a lso presented the same percentage of 
in fec t ion . This record i s s t r i k ing ly s imilar to those of 
Ackert and of Riley and James. The f i r s t group of mater ia l 
came from two possibly d i f ferent types of environments, the 
Universi ty of I l l i n o i s poul t ry farm and a commercial poul t ry 
house, and was col lec ted from 23rd February, 1923 to 10th Apr i l , 
1926. The second group came from poul t ry dealers in Rochester, 
Minnisota and was col lec ted from 4th October, 1926 to 11th 
November, 1926. I t i s s ign i f ican t tha t the data obtained in 
the two l o c a l i t i e s were s imi lar and f a l l between the r e s u l t s 
obtained by Ackert, Ri ley and James. Clapham (1933) reported 
75.2% infect ion in chickens and recovered from a s ingle to 
nea r ly 700 worms from individual hos t . 
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Savchenko (1959)» while working in Krinonozoh in 
U.S. S.R., studied liie seasonal dynamics of Heterakis 
in fes t a t ion in domestic fov/ls. He made a monthly examina-
tion of ten chickens which ^owed tha t in adu l t b i rds the 
lowest in fes t a t ion occurred in January to March and the 
h i ^ e s t in Ju ly to August, and again i t f a l l s in December. 
In iiie case of young b i rds the condition was di f ferent ^ 
the he te iuk ids were f i r s t found in June and h i ^ e s t i n f e s -
ta t ion occurred in August to September, f a l l i n g again by 
NOT ember ., Norton ( 1964) v4io worked a t the centra l labora-
tory, England, reported 11% of the domestic fowls infected 
with Heterakis gallinarum, with,an average number of worms 
per in fes ted b i r d was 174, and worm burden ranged from 1 to 
3760, the l a s t f igure , however, included many juveni les . He 
also expressed doubt about the occurrence of any seasonal 
va r i a t i on . 
However, there are only two exceptional r epor t s viiich 
give low percentage in the incidence of i n f e s t a t i on of t h i s 
p a r a s i t e . One i s given by Roth (1903) vdao, while woifcing a t 
Bresban, Germany, examined a t o t a l of 230 chidcens and 
reported 13 of i t infes ted with t h i s p a r a s i t e i . e . , an 
incidence of only 5.6%. Then Hodasi ( 1969) reported an 
incidence of only 10.2% and low i n t e n s i t y of infec t ion in 
the na t ive population of fowls in Legon, Ghana. 
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Morphology of Heterakis gallinarum has heea studied 
hy Chitwood (1931), Clapham (1933) and Baker (1936); and 
except the l a s t named author, r e s t have given b r i e f descrip-
t ions of the worm. The study made "by Baker i s the only 
avai lable l i t e r a t u r e on the anatomy of t h i s worm. 
Considerable difference of opinion has been fo\and 
regarding the development and l i f e cycle of Heterakis 
gallinarum. i l r s t and most profound observation on the 
development of ova, iinder na tu ra l condi t ions , and using 
both sol id and l i q u i d media, was made by G-raybill (1921). 
He observed, ttiat Ihe c r i t i c a l range of temperature for the 
development of egg tXi cu l tu re of s a l t solut ion and sugar 
o 0 
was 8 to 11 c. Eggs a t room temperature i . e . 19 to 21 C 
developed in to complete embryos within 8 days, vftiile other 
cu l tures a t 18-26°C produced complete embryos between 8-12 days 
His l i s t on the res i s tance of undeveloped eggs to cold, 
indicated tha t development of egg continues once they a re 
removed from freezing condit ions to room temperature. 
Babryos kept in s a l t solut ion a t room temperature survived 
12 months, while fu l ly developed ova kept i n soi l under 
natura l condition re ta ined l i v i n g embryos even a f t e r a period 
of 8 months. Uribe (1922) made comparable observations on the 
temperature requirements for the experimental incubation of 
the eggs of Heterakis paui l losa and expressed complete agreement 
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vdlii -aiose of GrayMll . He also added valuable information 
tha t the ova developed uninjured in 1.5% n i t r i c acid and the 
media kept the ova "bacteriologically s t e r i l e thereby preven-
t ing entry of Histomonas pathogen. Dorman (1928) made a 
detai led study on the cleavage and segmentation of ova of 
•ttiis worm. According to h i s observations the cleavage i s 
equal, 52-cell stage i s completed vdthin 4 or 5 days a t 
19-21 C. Blastula i s formed in l6 -ce l l s tage, invagination 
i s i n i t i a t e d in 32-"Cell stage vdiii liie formation of ectoderm, 
endoderm and blas topore . The most complete study on the 
development of ova of Heterakis g;allinarum was made by Clapham 
(1933), vtoo reported tha t development i s completed in 14-17 
days under favourable condit ions. A f a i r l y wide range of 
temperature from 20 to 30 C i s t o l e ran t . The development i s 
a lso normal in var ious d i lu te solut ions of acid and 
d is infec tant and suggested the use of ^% formalin \4iich kept 
down the bac t e r i a l growth. %gs remain v iab le in such solution 
even for 7 months. Roberts (1937) reported tha t the develop-
ment to iiie in fec t ive stage i s reached in 5 days i f incubated 
o 
a t 33 C. Wickware ( 1940) examined the ef fec ts of freezing 
temperature on the embryonation and fotmd ova r e t a in ing the 
i n f e c t i v l t y even upto 172 days in such condi t ions . Osipov (1957) 
reported the ova reaching the in fec t ive stage in 78 days vben kept 
a t 10-15 C under labora tory conditions; and the pei lod was 
8 
0 
reduced to 6 days a t 35 C. Lund et a l . (1958) studied the 
effects of media, v i z . , physiological s a l ine , 1.5% n i t r i c 
acid, 1% formalin and 2$ potassium dichromate on the embryonation 
of Heterakis gallinarum ova and i t s subsequent development 
in the chickens. All permitted sa t i s f ac to ry embryonation, 
but the number of worms recovered from chickens fed to eggs 
from 1iie dichromate solution was l e s s liian \i> of the number 
of eggs administered from the 3 oliier media. Tlie percentage 
of eggs vAiich embryonated was h i ^ e s t in 1% formalin. 
Considerable va r i a t ion ex i s t s regarding -Qie course of 
development of Heterakis gallinarum within the hos t and 
completion of i t s l i f e cycle . Generally i t i s bel ieved tha t 
the l i f e cycle i s direct^development of the juveni les taking 
place in the lumen of the caeca. Few have suggested complica-
tion in the development processes and there are authors vfao 
believe the def in i te involvement of some vec tors in the 
completion of i t s l i f e cycle . Leuckart (1876) was the f i r s t 
to i n i t i a t e the inves t iga t ion on the l i f e cycle of t h i s worm. 
He fed eggs which had incubated about 120 days to a chicken 
and on autopsy a f t e r 31 days, about 15 specimens were recovered. 
Gal l i -Valer io (1898) and Leu t u l l e and Mar ot el (1909) reported 
about the poss ib le formation of cyst in the caecal wall . 
Riley and James (1921) and Graybil l (1921) found tha t the 
embryos hatch out in the small i n t e s t i n e and development i s 
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completed iDy the 24th day. UrilDe (1922) expressed h i s 
view tha t the worms obtained 56-61 days a f t e r the ingest ion 
of the ova were considered to represent the complete' adu l t 
stage. Presence of a stage of paras i t i sm within the t i s sue 
of the hos t during the course of l a r v a l development has "been 
suggested by Monnig (1927), Dorman (1928) made h i s observa-
t ions tha t the host gets infect ion by inges t ing ova viiich 
have undergone incubation and adul t worms capable of produc-
ing ova may be removed in about 36 days. I tagaki (1930) con-
cluded from the r e s u l t s of h i s experiments tha t the juven i les 
hatch in the proventr icuius in 36 hours and begin to pene t ra te 
the caeca on the 4th day. Some of the juveni les penet ra te the 
caecal glands, form nodule and a t t a i n maturi ty. He explained 
that development to the adul t stage i s preceded by an ear ly 
migration of the juveni les throu'^ the subserous and muscular 
coats . Baker (1933) studied the post embryonic development 
and expressed general agreement with e a r l i e r workers. The 
author, fur ther , indica ted that the v a r i a t i o n s in the normal 
development was due to the appearance of Histomonas pathogen 
in the hos t . The most complete study on the l i f e cycle of 
t h i s worm \ia.s made by Clapham (1933) vdao explained tha t the 
f i r s t stage viiich was a rhabditiform la rva remain confined 
within the she l l . i^Urst molt occurred in the shell and the 
infec t ive stage embryo with a f i la r i form oesophagus developed. 
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Hatching took place in the caeca and 2nd molt occurred 
a f t e r 48 hours of the i n i t i a l in fec t ion . After a"bout 
96 hours* 3rd molt took place and d i f fe ren t ia t ion continued. 
Fourth molt was completed on I01ii day and young adul t s 
emerged out typical in a l l morphological r e spec t s , and eggs 
could "be found in the faeces a t about the 24-th day from iJie 
i n i t i a l in fec t ion . 
Ihe author also inves t iga ted the poss ible migration 
of juvenile in the host t i s sue during the course of t he i r 
development as reported by e a r l i e r workers,, and discarded 
i t completely. Migration of juveni les within the hos t was 
reviewed by Madsen (1962) who concluded tha t the juveni les 
ins tead of having a noimal course of development enter in to 
a t i s sue phase involving the mucosa and submucosa l aye r s and 
l a t e r re turn to the gut lumen. 
Ind ica t ions a re a lso ava i lab le about the completion 
of the l i f e cycle involving an intermediate hos t . Prank 
(1953) had shown tha t Musca domestica and Luci l ia sp. can 
carry embryonated eggs of the worm from one hos t to another 
mechanically. He has a lso demonstrated experimentally tha t 
the grasshoppers vdiidi are eaten in layge number by turkeys 
can carry -the eggs in t h e i r gut for 96 hours and can i n i t i a t e 
development. Recently Lund .et a l . ( 1966) reported tha t the 
earthworm can transmit infect ion among turkeys serving as 
vector . 
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Much of the l i t e r a t u r e i s ava i l ab le on i t s associa-
tion with diseases . I t was observed "by Ri ley and James 
(1921), Van Es and Martin (1925), Beach and Preebom (1950) 
as the causal organism of Typhl i t i s among poul t ry . Morgan 
and Wilson (1958) reported 'Tuberculosis* of poul t ry due to 
t h i s p a r a s i t e . Clapham (1958) noted advance stages of 
Leukaemia in fowls with heavy infec t ion of t h i s worm. 
])auglieva ( 1966) noted tiie haematological changes in the 
blood of the hos t in a way tha t the amount of the t o t a l 
protein decreased and liiere was an increase in globulin 
fract ion simultaneously. 
Graybil l and Snii-Qi (1920) reported tha t en te rohepa t i t i s 
or black-head, a h i ^ l y in fec t ious and fa t a l disease, caused 
by protozoan p a r a s i t e , Histomonas meleagridis , could be induced 
by feeding young tuikeys with embryonated eggs of Heterakis 
gallinarum. Their suggestion was conferred by Tyzzer (1954) 
viio reported the i den t i f i ca t ion of the protozoan in the epi the-
l i a l c e l l s of the gut of a young nematode. Under f i e ld condi-
t ions population of Heterakis nea r ly always carry Histomonas 
pathogen, a s liie protozoans are capable of surviving only for 
short duration outside in -fee poul t ry farms, un less 1iiey a r e 
loca l i zed in worm's egg. Majority of 1iie hos t s thus become 
infected with the p a r a s i t e , so much so, l i iat according to the 
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estimates of Lund (1958) about 1000 ova a re suff ic ient to 
induce Histomoniasis in a t l e a s t 90% of ttie fowl populat ion. 
There a re conf l ic t ing r epor t s on the associa t ion of 
the juveni les and the worms with the wall of the caeca and 
i t s glands. Most of the workers be l ieve tha t the larvae 
remain in in t imate associa t ion wi1ii the vreill of caeca and 
some of these ac tua l ly penetra te i n to the mucosa l aye r s which 
leads to the formation of nodules* vfcereas, few are of the 
view t h a t the worms do not have any t i s s u e phase a t a l l . 
M r s t repor t on the formation of caecal nodules due 
to -tills p a r a s i t e was given by I t agak i (1930) vfliile making an 
ae t io log ica l study of liiese nodules. The author observed 
tha t in ear ly stages of t h e i r formation the juveni les pene t ra te 
the sub-mucosa from the caecal glands and oicyst in the 
muscular l ayer viiere these continue to grow. Baker (1931) 
also reported the formation of nodule in -Qie caeca of fowl 
infected with Heterakis and suggested tha t the i n i t i a l cause 
of nodule fonnation may be p a r a s i t i c or b a c t e r i a l , the 
i r r i t a n t ac t ing on iiie caecal glands of the mucosa l ed to iiie 
•tiiickening, viiich l a t e r transformed in to l a r g e r nodule 
formation. But Clapham (1933) expressed doubt about the 
formation of an.y l e C ^ n s or nodule in the caeca due to t h i s 
worm. Further, Wickware (1947) vfaile working on the same 
problem observed tha t even in the case.of caeca free from 
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•Heterakiasis* liie caecal lecsons were present vftiich l ed 
him to 'believe tha t the nodules were not caused "by the 
worm hut due to some other reasons not known. 
Grigorev (1959) studied the pathogenecity of Heterakis 
infect ion in de ta i l and descrihed the formation of two types 
of nodules in the caeca of the fowlf one i s the uncomplicated 
nodules lymphoid or lymph glandular type, and other nodule 
complicated hy Heterakis in fec t ion . IHie affected mucosa 
flowed i n f i l t e r a t i o n of lymphoid c e l l s and nec ros i s of -foe 
ep i the l i a l c e l l s . In -Qie l i v e r , hypememia of -the v e s s e l s , 
hyperlasia of the lymphoid c e l l s and eosinophil ia were obser-
ved. He bel ieved tha t some of the adu l t s enter i n iiie a l ready 
formed nodules and ttius cause atrophy and necros i s of ttie 
ep i the l i a l c e l l s . Meads and Taylor (1963) examined caeca of 
iiie b i rds infec ted wi1ii Heterakis and found i t enlarged and 
gnd spotted with l e s i o n s , eadti containing an immature worm. 
"Ehey also suggested vitamin A defficiency a s a contr ibut ing 
factor in 1iie production of tbese l e s i o n s . Nath and Pande 
(1963) have reported erosion of caecal wall due to the 
presence of adu l t worm. Their information i s based on the 
study of *Heterakiasis* in na tu re . Kaushik and Siarma Deorani 
(1969) demonstrated 1he formation of nodule during t h e i r 
study on the t i s sue response of Heterakis gallinarum infec t ion 
in chickens. 
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Because of iiie al)sence of p rec i se knowledge concerning 
•tile l i f e processes of Heterakis gallinarum, very l i t t l e 
information i s ava i lab le on i t s control and ottier preventive 
measures. A number of chemicals were u t i l i z e d in iiie control 
operation and wi1ii -tiie exception of phenothiazine vfcich was 
p a r t i a l l y successful, no other drug i n i t i a t e d a dependable 
efficiency. U r s t repor t on the use of phenothiazine was 
given by McCulloch and Nicholson (1940) vdio suggested tha t 
0.05 to 0.5 grams i s a sa t i s fac to ry individual dose with 
average effect iveness ranging from 95 to 100% and -feat the 
l a rge and repeated doses a re non- toxic . Ol iv ier jet a l . (1943) 
were of the view tha t aa in take from 0.5 to 1.0 grams of 
phenothiazine within"6i to Ik hours to individual poul t s i s 
necessary for complete removal of the worm. Guiiirie and 
Harwood (1942) observed tha t t a b l e t s containing 33 p a r t s of 
phgnoiiiiazine, 66 p a r t s of n ico t ine bentoniteand 1 p a r t of 
sodium s tea ra te were found to be very ef fec t ive in removing 
most of Uie worm from the host.Wehr and Ol iv ier (1946) 
reported the i n a b i l i t y of phenothiazine to prevent maturation 
of the worm, and i s effect ive in expel l ing the worm only vftien 
these a t t a i n maturi ty . A new chemical Biheptin-T was i n t r o -
duced by Horton-Smith ( 1951)against he te rak ids in fec t ion . 
Anthelmintic a c t i v i t y of Piperazine c i t e r a t e was t e s t ed by 
Shumnrd and Eveieth (1955) against Heterakis gallinainm 
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infect ion and vfas foimd to have l i t t l e efficacy. Larson 
and Hansen (1957) also found piperazine to "be l e a s t effect ive 
against he te rak ids , "but gave promising r e s u l t s i n reducing 
iiie incidence of t y p h l i t i s . SUTD-cutaneous in jec t ion of 90S& 
w/v solution of methyridine in water a t the r a t e of 1 ml per 
10 pound "body w e i ^ t was advised "by Peraando and J a y a s i n ^ e 
(1963) as an effect ive control measure aga ins t t h i s in fec t ion , 
Schanzel and Hubacek (1964) reported a 0.5% aqueous solut ion 
of Me"fcyridine as h i ^ l y effect ive viien given o r a l l y . Pedotova 
(1969) used Hygromycin B a s an anthelmint ic aga ins t 
Heterakis gallinarum and found 75 - 90% ef fec t ive . 
- 16 -
SYSTEjATIG POSITION 
H e t e r a k i s ea l l inarum (Schrank, 1788) Madsen, 1949, 
h a s "been i n c l u d e d i n iiie super family Oxyuroidea B a i l l i e t , 
1916; wiiii He te rak idae a s one of t h e four f a m i l i e s r e p o r t e d 
from b i r d s v i z . , Oxyuridae Cohhold, 1864; He t e r ak idae R a i l l i e t 
e t Henry, 1914; Aspidoder idae F r e i t a s , 1956 and Sahulur idae 
Yorke e t Maple s tone , 1926, 
JFamily He te rak idae R a i l l i e t e t Hendry, 1914 
gamily fiiagnosis: Oxyuroidea 
Mouth vd-tii 3 or 6 l i p s or vd thou t l i p s . Terminal 
exc re to ry dac t u s u a l l y s h o r t , bucca l capsu le a b s e n t . Males 
vdth one or two s p i c u l e s . Females no rma l ly vath two o v a r i e s . 
Development u s u a l l y d i r e c t and wi thou t i n t e r m e d i a t e h o s t . 
Sub-family: He te rak inae R a i l l i e t e t Henry, 1912. 
l i a g a o s i s : He te rak idae 
Mouth i s p rovided with d i s t i n c t l i p s , c u t i c l e smooth 
or t r a n s v e r s e l y s t r i a t e d . Oesophagus d i v i s i b l e i n t o two p a r t s , 
a siaort narrow a n t e r i o r p o r t i o n viiich l e a d s i n t o a wel l developed 
b u l b . Caudal a l a e p r e s e n t . S p i c u l e s u n e q u a l . Sucker i s 
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present vdth scu le r i t i zed rim. Musculature polymyrian. 
G-gneral characters of the genus Heterakis Bi.i.y 184,5? 
The genus Heterakis includes worms of small s ize . 
The body of the worm tapers on "both the ex t remi t ies . The 
an te r io r end i s flexed in most of the cases in "both the 
sexes. Body c u t i c l e show inconspicous t ransverse s t r i a t i o n s 
throughout i t s length . Mouth opening i s c i r cu la r or 
t r i - radLate with three l i p s . Each of the l i p s a re provided 
with two pap i l l a^ . The mouth l eads i n to a well defined 
oesophagus. The oesophagus i s club shaped having a short 
narrow an te r io r port ion vdiich leads in to a swollen pos te r io r 
portion ending in to a hulh. The l a t t e r opens in to a 
s t r a i ^ t i n t e s t i n e t h r o u ^ the oesophago - i n t e s t i n a l va lve . 
Bie excretory system i s of the H type with more or l e s s 
redaction of iiie an te r io r branches. The nerve r ing i s 
present i n the an te r io r p a r t of the oesophagus. Sexes a re 
separate. Adalts l i v e in caeca and a l so in the i n t e s t i n e of 
b i rd s , r e p t i l e s and mammals. 
M A L E : 
In male the caudal a l ae i s modified in to a chi t inous 
pre-anal sucker. The caudal pap i l l a e appear to be some\iiat 
var iab le in number. There are 10 - 15 p a i r s of costiform 
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caudal pap i l l ae "but t l ieir arrangement i s not constant i n 
different species. Spicules are pa i red , equal, sub-equal 
or unequal vdthout accessory piece . G-ubemaculum absent . 
The r i ^ t spicule i s long vath a b lunt point vihile l e f t i s 
short, sharply curved and pointed. 
P E M A L E: 
The pos te r io r extremity of the female i s pointed. 
The caudal a lae i s absent . Die vulva i s present almost in 
the middle of the body or inf ront of i t . Uterine branches 
pass in opposite d i rec t ions . Adults a r e oviparous, eggs vdth 
a thick shel l and a c lear granulation a t the poles . 
The genus Heterakis includes a l a rge number of species 
d i s t r ibu ted in var ious p a r t s of the world. Yariou^ species 
are l i s t e d belows 
v"Heterakis a l a t a Schneider, 1866 
Heterakis a l t a i c a Spaul, 1929 
Heterakis arquata Schneider, 1866 
e t e rak i s bancrofti Johnston, 1912 
Heterakis beram-poria Lane, 1914 
Heterakis bonasae Cram, 1927 
Heterakis bosia Lane, 1914 
\/ Heterakis brevisx>iculum G-endre, 1911 
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Heterakis caudata Lin stow, 1906 
Heteratcis caudelarevis Popowa, 1949 ,^ , r, v) ' ' i ' 
Heterakis ohenonettae Johnston, 1912 
Heterakis circumvallata Lin stow, 1906 
\ /He te rak i s dispar (Schrank, 1790) > ' "^Z '" 
Heterakis f a r i a i Travassos, 1913 
Heterakis hamulus Linstow, 1906 
Heterakis has ta t a Chandler, 1926 
Heterakis hyperborea Swinyard, 1931 <,f [ " ) • ' 
xXHeterakis indica Maplestone, 1931^^ *J ' 'A' ' 
Heter'akis i n t e r l a M a t a OrtLepp, 1923 \ 
V Heterakis isolondhe Linstow, 1906 
y Heterakis k u r i l e n s i s Oschmarin, 1949 
Heterakis l ane i CJhandler, 1926 
v^  Heterakis l i n ^ a n e n s i s L i , 1933. 
Heterakis longespiculum Maplestone, 1931 
Heterakis mdcroura Linstow,'' 1883 
J Heterakis meleagris Hsu, 1957 
Heterakis monticel l iana Stossich, 1892 
\ / H e t e r a k i s n a t t e r e r i Travassos, 1924 
Heterakis neoplas t ioa Wassink, 1917 
Heterakis oscari Travassos, P into e t Mimiz, 1928 
Heterakis par i si Blanc, 1913 
/ Heterakis parva Maplestone, 1931 
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Heterakis pavoni s Maple stone, 193/^ ("i* 
HeteraJcis peclioecetes Mawson, 1956 
Heterakis psophiae Travassos, 1915 
Heteralcis pus i l l a Linstow» 1906 --^ 
Heterakis putaustra,!!^ Lane, 1914 
Heterakis s i l indae Sandground, 1933 
Heterakis i^r.iabini Cram, 1927 
^ Heterakis spiculata (Gobbold. I86l) 
Heterakis teauicauda Linstow, 1883 
Heterakis tra^opani^ Lai , 1942 
Heterakis t ravassosi Khal i l , 1932 
Heterakis valdenmcronata (Molin, i860) 
Heterakis ya,lvata Schneider, 1866 
v ^ Heterakis v a r i a M l i s Chandler, 1926 
(\ Heterakis vu lvolabia ta . Chandler, 1926 
' ^ •C^Heterakis yama dori Yamaguti, 1941 
Heterakis v e s i c u l a r i s (Froel ich , 1791) 
Teixeira de F re i t a s (1956) regards t h i s species a s 
iden t i ca l vdth Heterakis gallinaram ( Schrank) . 
Heterakis gallinarum (Schrank, 1788) syn. Heterakis 
ga l l inae Gmelin, 1790; Hetei-akis longecaudata Linstow, 1879. 
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MATBRIALS AND mCHNIQPBS 
Source of p a r a s i t e and h o s t : 
Co l l ec t ion of iiie woim vra,s made from fowls cove r ing 
an a rea around the c i t y of Al igarh and i t s suburbs . The 
c o l l e c t i o n was made r e g u l a r l y and f ive days i n a week, A 
monthly r ecord of the male , female a d u l t worms and j u v e n i l e s , 
t hus i s o l a t e d , was a l s o main ta ined to s tudy the seasonal 
v a r i a t i o n . Bach b i r d was s a c r i f i c e d and i t s a l i m e n t a r y 
canal and caeca were t h o r o u ^ l y examined fo r the p a r a s i t e , 
The worms were p icked o u t , i d e n t i f i e d and counted. I n many 
cases number of worms recorded was so l a r g e t h a t a d i l u t i o n 
count ing method had to be employed. L a t e r , a l i m e n t a r y canal 
and the caeca were c u t i n t o p a r t s and each segment was 
s e p a r a t e l y examined. !Qie mucosal sur face was rubbed c a r e -
f u l l y between f i n g e r s to remove any worms a d h e r i n g to i t . 
The worms were l a t e r h o t k i l l e d and b r o u ^ t to 70% a l coho l 
fo r p r e s e r v a t i o n . Gross body s t r u c t u r e s were s tud i ed from 
viiole mount p r e p a r a t i o n s of 1he worm i n g l y c e r i n e , 
Olie ch ickens used fo r exper imenta l purposes were of 
\rtLite L e ^ o m breed and were r e a r e d i n the p a r a s i t e f r ee 
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conditions in -fee labora tory . 
Mi cr o te chni que: 
For the study of h i s to log i ca l anatomy, worms were 
fixed in Bouin's p i c r i c acid and s e r i a l sect ions were 
obtained using paraffin microtechnique. Different cyto-
plasmic and nuclear s t a ins were employed in order to 
br ing out a l l possible d e t a i l s of liie anatomy, Haematoxylin 
and eosin respec t ive ly proved to b e good nuclear and 
counter cytoplasmic s t a in s . These gave r e s u l t s with 
cer ta in opt ica l qua l i ty sui table for the employment of 
h i ^ power l enses . A se r i e s of f igures in p a r t s , and 
of the c ross -sec t ions a t var ious regions of the body has 
been drawn by using Camera lucida equipment. Graphical 
reconstruct ion of the body has been made for the study of 
var ious organ systems. 
Histopathology of the hos t t i s sue was a lso conducted. 
Seven days old chickens were u t i l i z e d for t h i s purpose. 
Die chickens were fed v iable eggs of the worms viiich were 
embryonated in d i s t i l l e d water wi1ii 1^ formalin. a!he 
chickens were k i l l e d a t 4 - h r s i n t e r v a l and caeca were 
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i so l a t ed to trace the t i s sue phase. These were fixed in 
Bouin*s p i c r i c acid . Sections were prepared using paraff in 
microtechnique. Haematoxylin and eosin were used a s counter-
s t a in s . 
Caeca of fowls with na tura l h e t e r a k i a s i s were a lso 
selected for h is topathological s tud ies . 
BmbryonatLon -procedure! 
Following media were used for embryonation: 
( i ) 
( i i ) 
/ • • • \ 
( i l l ) 
( iv) 
(v) 
(v i ) 
( v i i ) 
( v i i i ) 
( ix ) 
(x) 
(x i ) 
Formalin 
D i s t i l l e d water 




















Bie eggs were col lected by s p l i t t i n g open iiie adu l t 
female and teas ing apar t the u t e r i . Coarse p a r t i c l e s were 
washed free of adhering eggs and removed with forceps and 
p i p e t t e . Bggs were then washed in several changes of 
physiological sal ine to remove the debr i s . After counting, 
the eggs were kept in separate cul ture dishes with d i f fe ren t 
media. !Qie so lu t ions were changed r egu la r ly to maintain the 
desired concentration. Percentage of embryonation was deter-
mined by counting both embryonated and unembryonated eggs i n 
d i f ferent media. 
For the s tudy of post embryonic development, 200 of 
viable e ^ s were fed to the labora tory reared chickens. The 
b i rds were autopsied a f t e r every 4 - h r s . i n t e r v a l and p a r t s 
of the alimentary canal was examined for developing s tages. 
Various observations were recorded. 
Vector borne in fec t ion : 
To make an assessment on the p o s s i b i l i t y of vec tor 
borne in fec t ion , grasshoppers and eariiiworms were thoroughly 
inves t iga ted . Iliree se t of experiments were planned on the 
following l i n e s : 
(a) Grasshoppers and earthworms col lec ted from the f i e l d . 
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("b) Giasshoppers and earliiwornis col lected around -the 
poul t ry yards. 
(c) G-rasstioppers and earthworms reared i n 1iie labora tory 
under infect ion free condit ion. 
"Die chickens used i n liiese iiiree major s tudies 
were reared and maintained in wire-floored cages under condi-
t ions iiiat precluded iiie p o s s i M l i t y of accidenta l in fec t ions 
with iiie p a r a s i t e s "being studied. 
The earthworms col lected from the f i e l d and around 
the poultry-yard were r insed in tap water and t ransfer red 
to clean soi l tha t had been t h o r o u ^ l y a i r dried and res tored 
to normal moisture content by sprinkling with water. These 
worms were t ransferred through three changes of t h i s clean 
soi l a t i n t e r v a l s of approximately 2 days. Worms of ihe 
•third group were maintained for 1 week between l aye r s of 
moist f i l t e r paper and given a few f lakes of ro l l ed oa t s 
each day to prevent shrinkage and to induce evacuation of 
the i n t e s t i n a l contents . 
In the f i r s t and second set Uie chickens were 
d i r e c i i y fed on -the grasshoppers and earthworms col lec ted 
from the f i e l d s and around -the poul t ry yards. In the th i rd 
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se t , infec t ion was induced vdth grasshoppers and earliiwonns 
fed on v iable eggs and l a t e r given to chickens, ttiese 
chickens were sacrif iced a f t e r 18 days and number of adu l t 
worms recovered on autopsy were recorded. CJhickens under 
control led conditions were also maintained for comparison. 
P A R T - A 
M 0 R P H O L O G Y 
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GROSS MOKPHOLOGY 
H e t e r a k i s qal l inarum i s a small creeimy v i i i t e nematode. 
Size of the worm i s v a r i a b l e be ing i n f l u e n c e d by the cond i -
t i o n s vd th in the body of the h o s t . The male and female forms 
a r e d i s t i n c t , females a r e l a r g e r and t h i c k e r than t h e males 
and vd-dth of both v a r i e s i n p r o p o r t i o n to t h e i r genera l 
l e n g t h . The body i n both the sexes i s s l e n d r i c a l b u t t a p e r s 
g r a d u a l l y towards the e x t r e m i t i e s . U s u a l l y liie a n t e r i o r end 
of the body i s f l exed d o r s a l l y . The t a i l end i s a lmost 
s t r a i g h t i n case of female, vtoile i n the male the c u t i c l e of 
t he p o s t e r i o r ex t remi ty i s expanded i n t o a wel l marked b u r s a 
supported by a number of p a p i l l a e with a c h i t i n o u s p r e - a n a l 
sucker . 
Average measurements of d i f f e r e n t p a r t s of an a d u l t 
male and female taken from ten d i f f e r e n t specimens a r e given 
below*. 
MALE a . n ^ e worm Average 
Total body l e n g t h 8.94 mm 7 .45-9 .90 mm 
Width a t the middle of 
the body 0.35 mm 0 .25-0 .40 mm 
Distance of t h e nurve 
r i n g from the a n t e r i o r end 0.30 mm 0 .20-0 .30 mm 
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Distance of excretory pore 
from the an t e r i o r end 0.36 mm 0.25-0.45 mm 
Length of oesophagus 0.95 mm 0.90-1.15 mm 
Length of r i g h t spicule 1.23 mm 0.60-2.30 mm 
Length of l e f t spicule 0.78 mm 0.52-1.04 mm 
Total body length 11.14 mm 10.20-13.75 mm 
Width a t the middle of 
the body 0.38 mm 0.30-0.45 mm 
Distance of nerve r ing 
from the an te r io r end 0.34 mm 0.20-0,40 mm 
Distance of excretory pore 
from the an te r io r end 0.42 mm 0.30-0.55 mm 
Length of oesophagus 1.12 mm 1.0 -1.40 mm 
Distance of vTilva from 
the an t e r io r end 5.90 mm 4.60-8.90 mm 
Distance of anus to end 
of t a i l 1.05 mm 0.85-1.65 mm 
•Die body i s covered over by c u t i c l e vfeich i s f ine ly 
s t r i a t ed . The body c u t i c l e i s thickened and bears cu t i cu la r 
r idges beginning from 0,04 mm from the an t e r i o r end and 
terminates a t a distance of 8.28 mm in male and 9.72 mm in 
the female. 
The mouth i s terminal and occupies the centre of the 
an te r io r t i p . The mouth opening i s c i r c u l a r and not 
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t r i - r a d i a t e as Clapham (1933) reported e a r l i e r . I t i s 
surrounded "by three almost equal l i p s , one dorsal and two 
sub-ventral in pos i t ion . The l i p s are h ighly muscular and 
the i r inner margins are dent icu la te . CSiitwood (1932) 
described the arrangement of -fee cephalic pap i l l a e as the 
dorsal l i p "bearing two l a rge duplex p a p i l l a e , vtoile each 
of the sub-ventral l i p s having a l a rge sub-median duplex 
papi l lae and smaller simple l a t e r a l p a p i l l a e . These obser-
va t ions were supported by Baker (1936) and the present 
author also finds a s imilar condition, Amphids a re present 
on the sub-ventral l i p s in -the l a t e r a l pos i t ion (Pig , 1) , 
The nerve-r ing i s present in the a n t e r i o r p a r t of the 
oesophagus. The excretory pore opens, s l i g h t l y behind the 
nerve r ing on the mid-ventral side of the body. The opening 
i s without any spec ia l iza t ions of the c u t i c l e and i s connected 
ins ide with the obliquely placed v e s i c l e l i k e s t ruc tu re . 
The alimentary canal i s e s s en t i a l l y a simple and 
s t r a i ^ t tube extending -through Uie en t i r e lengih of the 
body. I t begins a n t e r i o r l y as mouth and terminates in the 
pos te r io r region on the ven t ra l side t h r o u ^ the anus in ihe 
female and cloaca in the male. The mouth opens in to short 
and simple buccal cavi ty (F igs . 2 & 3) a t the base of which 
three dent iculate s t ruc tu res have been observed (Eig. 1) vAiich 
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were described by Baker (1936) as onchi. Ihe buccal cavity-
follows in to a l a rge and muscular oesophagus. The oesophagus 
i s club-shaped and b a s i c a l l y of the oxyuroid type (Fig . 5 ) . 
Baker (1936) described t h i s pa r t of the digest ive t r a c t to 
be formed of a short pharynx and an oesophagus. The present 
author finds no guch d i f fe ren t i a t ion , however, the lumen of 
the oesophagus vsiiich i s f a i r l y wide in the a n t e r i o r p a r t 
abrupt ly narrows and continues as such t h r o u ^ o u t . An 
oesophago-intestinal valve i s present a t the junction of 
oesophagus and i n t e s t i n e . The i n t e s t i n e extends from the 
pharyngeal bulb as a simple tube and tenninates pos t e r io r ly 
in to -ttie anus. The cloaca in ^ e male i s c lose ly surrounded 
by the anal pap i l l ae (Fig . 4) but in case of female no 
pap i l l ae have been observed. Contrary to t h i s Baker (1936) 
has reported occurrence of anal pap i l l ae in a female. The * 
anal opening of both female and cloaca of male occupy similar 
posi t ion on the ven t ra l side of the body, a short distance 
from the pos te r io r end. 
The female reproductive system i s didelphic and 
amphidelphous in condition (Fig. 6 ) . Both the u t e r i jo in 
and give r i s e to an elongated s t ruc ture termed a s vagina. 
The proximal end of the vagina enters a special ized region 
of the gonoduct known as the ovi jec tor . The ovi jec tor opens 
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outside t h r o u ^ the vulva vAiich l i e s almost in the middle 
of the body (Pig . 6 ) . 
The male reproductive system cons is t of a s ingle 
gonad having a duct which f i n a l l y opens in to the cloaca. 
I t iDegins with the t e s t e s , widens to form the seminal 
v e s i c l e and communicates fur ther as the e jaculatory duct 
( i l g . 5 ) . Final ly in the pos te r io r region of the body i t 
jo ins with the digest ive t r a c t to form a common passage, 
the cloaca. The cloaca i s loca ted near the rear end of the 
body. In addit ion accessory geni ta l organs, caudal p a p i l l a e 
and spicules , a re also present i n t h i s pa r t of the body. 
"Die caudal a l ae make ttieir appearance as a simple 
thickened s t ructure a l i t t l e above the sucker, on the ven t ra l 
side of the body ( i l g . 4 ) . I t divides in to two l a r g e thick 
lobes a t the leve l of the ^ c k e r and converges gradual ly 
fa r ther and disappear u l t imate ly near the t i p of the t a i l . 
I t was t h o u ^ t e a r l i e r tha t the caudal a l ae i s a continuation 
of the l a t e r a l r idges vAiioh maintain a l a t e r a l pos i t ion , the 
a lae a r i s e from the under side of the worm's body. 
The expanded lobes of the caudal a l ae bears "tiie 
geni ta l pap i l l ae . The pap i l l ae a re arranged as followst 
There are 5 pap i l l ae close to "the sucker region, two are paired 
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and pedunculate -tile 5lii i s sessile and median in position 
(Pig, 4 ) . Caapham. (1933) gave no indication of the presence 
of any sessile papillae associated with the sucker. Baker 
(1936), on the other hand reported such a papil lae. The 
presence of six pairs of anal papillae i s in accordance with 
the findings of the former author - 3 pairs are pre-anal, 
1s t pair i s pedunculate and the other i s sessi le . Following 
to th is are 3 pairs of post anal, the 1st i s sessi le and the 
other i s pedunculate. Baker (1936) observed an indefinite 
number of papillae in 1iie t a i l region, v^ich appears to be 
incorrect as only 4 pairs of definite papillae could be 
located by the present author. All are pedunculate, the 
1st pair i s prominent and the remaining 3 are l e s s so, the 
l a s t 2 pairs are placed quite adjacent to each other. 
The sucker i s chitinous in structure and i s situated 
s l i ^ t l y anterior to the cloacal opening of the male ( i l g . 5) 
I t has two dist inct par ts . There i s an outer clear area and 
an inner cupped region. 
The spicules are dissimilar in size and shape. The 
l e f t spicule i s shorter than 1iie r ight one. The shorter 
spicule i s tubular and possess two l a t e ra l flanges and the 
tip has a characterist ic twist and often protrudes outside 
of the body (Fig. 4) . The r ight spicule i s also tubular but 
possess only one la te ra l flange. The t ip i s sharp and often 
hidden inside of the body. 
gxplanation of f igures 
FLg. 1. Head of female, en face view. 
K-g. 2. Dorsal view of an t e r io r end of female. 
J ig . 3. La tera l view of an te r io r end of female. 
H g . 4. P o s t e r i o r end of male stiowing sucker caudal 
pap i l l ae and spicules . 
Fig. 5. Male, adu l t worm. 




Ttie h i s t o l o g i c a l anatomy of the worm, H e t e r a k i s 
f ;al l inarum was s tud ied i n d e t a i l . 
THE BODY WALL 
The body wall of nematodes c o n s i s t of t h r e e 
d i s t i n c t components known a s c u t i c u l a , s u h - c u t i c u l a and 
muscu la tu re . 
Cu t i cu la 
I t i s the ou t e r most cover ing of the body of 
nematodes. I t covers the body e x t e r n a l l y and a l s o ex tends 
inwards a t the mouth, anus and v u l v a . The c u t i c l e i s 
connected i n t i m a t e l y with the unde r ly ing s u b - c u t i c u l a l a y e r 
( i l g . 9 ) . Chitwood and C3iitwood (1950) b e l i e v e d t h i s l a y e r 
to be a p roduc t of hypodermis , a l though the c h a r a c t e r of 
i t s formation i s v e r y c o n t r o v e r s i a l . I t i s comple te ly a 
n o n - c e l l u l a r and h i g h l y e l a s t i c l a y e r . I t appea r s g e l a t i n 
l i k e i n mois t c o n d i t i o n . I t can be d iv ided i n t o two gene ra l 
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types» liie external cut icula v^ich i s appl ied to external 
coating of the "body and the i n t e rna l c u t i c l e vftiich inc ludes 
the pa r t s of the c u t i c l e covering the oesophagust rectum, 
cloaca and vagina. The external c u t i c l e i s supposed to 
cons t i tu te liie main "body cu t i c l e in t h i s nematode. I t 
covers a l l the aper tu res , such as mouth, anus, cloaca and 
vulva to become continuous vath the cu t i cu la r l i n i n g of a l l 
the cav i t i e s in to vfoich these aper tures open. The "body 
cu t i c l e presents a number of modificat ions. These modifica-
t ions of cu t icu la r s t ruc tu res are made up of superf ic ia l 
l aye r s of the cu t i c l e in most of the cases . The var ious 
external s t ruc tu res , such as l a t e r a l r idges , the prominent 
caudal a lae (Fig . 8) , the pre-anal sucker (F ig . 14) of the 
male are also the modifications of var ious l a y e r s of the 
c u t i c l e . Baker (1936) \ja.s a lso of the opinion tha t these 
external s t ruc tures do not a r i s e as out foldings of -ftie body 
wall but are the modifications of the c u t i c l e . 
Von Siebold (1848) viiile studying the c u t i c l e of 
Ascaris lumbricoides, observed tha t i t i s no t s ingle layered 
as apparently seems to be , but i s made up of complex l a y e r s . 
De Man (1886) described almost a s imilar pa t te rn to occur 
in Enoplus communis. Bastian (1886) for the f i r s t time 
came forward with iiie view tha t the c u t i c l e of nematode was 
- 35 -
div is ib le in to five d i s t i n c t l a y e r s . He a lso gave ihe 
descript ion and posi t ion of various l aye r s using h i s own 
terminology for various l a y e r s . The cu t ic le of Ascaris 
and Oxyuris was studied in de ta i l by G-oldschmidt (1905) 
and Martini (1912) respec t ive ly . They too concluded tha t 
the cut ic le i s made up of complex l a y e r s and the former 
author elaborated a t l e a s t 9 l a y e r s in the cu t i c le of 
Ascaris . Ansari and Basir ( 1964) » however, could loca te 
only e ight l aye r s in Setar ia cerv i . But Baker ( 1936) 
obseirved only two l aye r s in the cu t ic le of Heterakis 
gallinarum. He also gave no descript ion of any sor t 
vftich r e f l e c t s tha t h i s approach has been of a -vevj super-
f i c i a l na tu re . 1!he present author observed five d i s t i n c t 
l aye r s in t h i s worm (Pig . 10 & 1 l ) . These l a y e r s from out-
side inwards are as follows! 
Bxtemal cu t icu la r layer 
In te rna l cu t i cu la r l ayer 
f i b r i l l a r l aye r 
Cortex l aye r 
Matrix layer ) Matrix l aye r 
) 
Basal lamella ) 
The external cu t i cu la r l ayer i s much denser than the 
in t e rna l cu t icu lar l aye r and the matrix l aye r . The i n t e rna l 
cu t icu la r layer does no t appear to be an actual e n t i t y since 
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i t i a continuous vdth and often quite s imilar in consistency 
to the matrix layer from vAiich i t i s g ross ly separated "by 
the fi lDril lar l ayer . The l a t t e r has the appearance of a 
condensed solid mass formed of a c losely woven n e t work 
of f i b r i l s . The matrix l aye r i s commonly known as •homo-
geneous layer* . I t appears as a f ine ly a lveolar or spongy 
mass. 1316 hasal lamella i s a very iiiin l aye r and looks 
l i k e a s t r i a t e d memhrane. The average thickness of the 
l a y e r s i s given helow. 
Bxtemal cut icular l aye r 1.0 p. 
In te rna l cu t icu lar l ayer 1.50/1 
i l h r i l l a r layer 1.0 ju 
Matrix layer 7.0 fa 
Basal lamella 1.0 p. 
The various l aye r s of the cut icula a s described are 
not always to be found -throughout the body of the nematode, 
and the r e l a t i v e thickness of the d i f fe ren t l aye r s may 
change to a remarkable degree. Certain special ized regions 
such as the vulva, anus, excretory-pore and cloaca have , 
only the cu t icu lar l aye r . 
There are two l a t e r a l r idges present on e i t h e r side 
of the body ( l i g . 9) ^^hidl make the i r appearance a t about 
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0.04 mm from iiie an te r io r end. I t terminates p o s t e i l o r i y 
a l i t t l e away from the caudal a l ae . S t ruc tu ra l ly iDoth the 
l a t e r a l rid^jeo are simila.r throughout, well developed in 
the pre-equator ia l region and gradual ly reduced pos t e r i o r l y . 
I t i s composed of an outer cortex l aye r , \^ich encloses 
within i t a deeply s ta in ing V-shaped region (F ig . 12). The 
base of the V i s outwardly di rected and the tv/o limbs 
tapering to a point i n s i d e . Most of the space covered over 
by the base of the V- and i t s tv/o limbs i s occupied by a 
grannular substance. "Ehe basal lamella of the general body 
cu t i c l e forms the innermost boundary layer for iiie grannular 
substance. Baker (1936) has also given descript ion of the 
l a t e r a l r idges , but h i s observation tha t the basal lamella 
within the regions of the l a t e r a l r idges b i fu rca tes and 
encloses a similar grannular region derived"from the grannular 
mass could not be v e r i f i e d in the present study. However, 
the author agrees with the idea presented by Baker (1936) 
tha t the l a t e r a l r idges a r e d i f fe ren t ia ted in to 3 regions , 
but he could not name those regions and on the contrary 
suggested about the darkly s ta ining regions a s a deposit of 
special mater ia l . The author i s of the opinion iha t the 
regions are ac tua l ly elaborated l a y e r s of the c u t i c l e , v^ich 
take pa r t in the formation of the r idges . Various l aye r s 
taking pa r t , a re the outer and inner co r t i ca l l a y e r s enclosing 
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ihe more elaborated matrix l ayer . The matrix l ayer i s 
further d i f fe ren t ia ted , the darkly s ta in ing region i s the 
f i b r i l l a r l ayer composed of condensed f i b r i l s and follow-
ing to t h i s i s the grannular region which i s a c t u a l l y the 
spongy matrix l aye r . Fibre l aye r s a re absent and basal 
lammella forms the boundary l ayer . 
Sub-cuticula 
The sub-cuticula i s the middle l aye r of the body 
wall ly ing in betv/een the cut icula and the somatic muscula-
ture (Fig . 9 ) . I t i s also sometimes re fe r red to as hypo-
derrais. I t i s a syncytial l ayer madeup of f ine sheet of 
protoplasm containing grannular substance. The sub-cuticula 
i s very much reduced in the an te r io r and r ea r end of the 
body so tha t the muscles come in d i rec t contact wiih the 
c u t i c l e . This l aye r bulges out in to the pseudocoel a t four 
places in the form of four longi tudinal chards dividing the 
column of ttie body muscles in to four sec to rs . The longi tu-
dinal l i n e s or bands are very narrow and i n d i s t i n c t except 
the l a t e r a l chards viiich are well developed and eas i ly seen 
in cross-sect ion . 
Eberth (I860) reported Ihe presence of l a rge number 
of nuclei in the sub-cuticula l aye r of Heterakis v e s i c u l a r i s . 
- 59 -
Baker (1936) observed no such nuclei in the sub-cut icular 
regj.on in case of Heterakis , ^ l l i n a e . But "fee present 
author has located nuclei in the region of ttie chords only. 
'Sa.ch of the longi tudinal chords begins as a small 
thickened s t ructure in the form of a grannular mass from 
the an te r io r end of the body. Soon the inner bulgings 
increase in height and the four chords get separated from 
one another near the middle region of the oesophagus (Pig , 21). 
Marked differences in the size of -the chords has been, obser-
ved from the middle region of iiie oesophagus onwards. Ilie 
l a t e r a l chords become comparatively l a r g e r , broader and 
conspicuous, viiile the dorsal and ven t r a l chords assume qui te 
i n s ign i f i can t shape betv/een t h e i r respect ive groups of muscle 
c e l l s . 
A carefull study revealed tha t the size and pos i t ion 
of the l a t e r a l chords va r i ed to a great degree. The reason 
for t h i s i s not known. Among the e a r l i e r workers, i t was 
Bastian (1866) v^o gave cer ta in account about the l a t e r a l 
chords. The author described them as intra-muscular 
der iva t ives of the sub-cut icula . He a lso mentioned a 
f ibrous frame-work a r i s i ng out of the central proximal 
region of these chords viiich a f t e r dividing runs towards 
the d i s t a l margin on e i the r side of the excretory tube. 
- 40 -
But no such condition was observed in the present worm. 
The t i s sue mass of the chord i s syncyt ia l , "but the 
cytoplasm around the nucle i takes up a darker s ta in as 
compared to -the surrounding mass. The l a t e r a l chords are 
hroad and low in females, "but narrow and h i ^ in the male. 
These remain simple and almost a l i k e throughout the body 
length , except a t the regions of the nerve- r ing ( i i g . 32), 
excretory pore ( H g . 25 & 26), anus (F ig . 17) and vulva 
(Fig . 43) viiere these undergo some modification. The two 
chords extend inwards so as to merge with each other a t 
the leve l of the nerve- r ing , enclosing within t h e i r mass 
the oesophagus and the nerve r ing . In ihe oesophageal 
region the l a t e r a l chords "bulge f ree ly \Ndiile opposite the 
gonads these become very much f la t tened . The present author 
agrees with Baker (1936) tha t the l a t e r a l chords expand 
considerably in the pos te r io r region of the body. 
Baker (1936) regarded the f i b r i l l a r frame-work of 
the l a t e r a l chords behaving l i k e a l i n e of demarcation 
between the var ious chains of pr imi t ive c e l l u l a r component 
making the chords. The so-cal led ce l l wal ls thus formed 
in the form of darkly s ta in ing l i n e s , divide the l a t e r a l 
chords in to three f i e l d s (Fig . 13). The ^•d.dth of these 
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three fields i s not equal. The la te ra l f ield i s 
consideral)ly extended a t i t s free end and the excretory 
tube i s usually carried within th is region. The dorsal 
and ventral f ield of the la te ra l chords are also expanded. 
I t appears that the dorsal and ventral f ie lds of 
iiie la te ra l chords ar ise and e2q)and from and beneath the 
adjacent muscles layers. The present author agree with 
Baker (1936) that th rou^ most of -fce length the nucleation 
of these three f ields i s very definite. Nuclei are also 
present in the la te ra l f ield of the l a t e ra l chords, but a t 
much greater and more regular intervals than do the 
adjacent f ields. 
The dorsal chord i s the smallest and most inconspi-
cuous of a l l the longitudinal l ines . I t i s l ike thin strand 
of protoplasm, placed a t a l i t t l e distance towards the 
posterior side to the level of the l a t e r a l chords (Fig. 15). 
The dorsal chord never extends along the entire length of 
the body and keeps direct contact with the somatic muscles 
a t the two ends. In the anterior region, a t the level of 
the nerve-ring the chord sends out t issues vAiich connect 
the la te ra l chords on either side and par t ly covers the 
nerve-ring. Further in i t s course towards the posterior 
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s ide , "tiie dorsal chord, r e t a in ing the same width, t r averses 
a f a i r l y long distance and gradually g e t s reduced and becomes 
very in s ign i f i can t . The chord c a r r i e s the dorsal longi tud ina l 
nerve and receives the innervat ing processes from the somatic 
muscle c e l l s a r i s i ng from both the sides of the dorsal ha l f 
of the body. The chord appears to be made up from a s ingle 
se r ies of hypo dermal elements but ce l l walls could not be 
dist inguished. Small nucle i a re present a t d i f ferent l e v e l s . 
The ventra l chord appears a t the leve l of or igin of 
the dorsal chord, but un l ike the l a t t e r i t continues upto 
iiie end of -Qie t a i l . Soon i t s he ight inc reases and p ro j ec t s 
far away in to the body cavi ty , vftiile i t s base vAiich i s in 
contact with the c u t i c l e remains compressed by somatic 
muscles. The ven t ra l chord i s modified in the region of 
the excretory pore, vulva and anus. The excretory pore 
and vulva open outside throu,'^ t h i s chord (F ig . 25., & 43) . 
At the posi t ion of anal aper ture the chord i s pushed as ide 
and the anus opens outside ( I l g . 17). At the l eve l of the 
nerve-r ing (Fig . 32) the ven t ra l chord along with the 
terminal por t ions of the excretory apparatus • becomes 
c losely connected with the l a t e r a l chords on e i the r s ide . 
From t h i s region on\^rd the band r e t a i n the same he igh t 
and width. I t s h i s t o log i ca l d e t a i l s are s imilar to tliose 
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of the dorsal chord, even "the number of nucle i and the i r 
arrangement remains the same. 
Mu sculature 
The musculature i s d iv i s ib l e i n to two types i . e . 
the somatic musculature and the specia l ized musculature. 
The somatic musculature i s the general muscular l ayer of 
the body wall of nematode and i s composed of a s ingle l aye r 
of more or l e s s spindLe shaped c e l l s a t tached to the sub-
cut icula throughout t he i r length . Baker ( 1936) contrary to 
t h i s view, believed tha t the muscle c e l l s a re d i r e c t l y 
at tached to the cut icula l ayer of the body wall . These 
groups of c e l l s lying p a r a l l e l a re separated by the long i -
tudinal thickenings. IXie to the presence of chords, t h i s 
layer of muscle c e l l s i s divided in to a number of sec tors . 
The muscle c e l l s in each sector u sua l ly a c t a s a u n i t during 
body movement. 
Heterakis gallinarum has polymyarian and coelomyarian 
type of musculature i . e . there a re many muscle c e l l s in one 
sector (Pig . 9) and the f i b r i l l a r por t ion of the ce l l bear 
d i s t a l l y a groove making the sarcoplasmic p a r t to dip down 
in to and between the con t r ac t i l e l a y e r s present on e i the r 
side of the ce l l ( i l g . 7 ) . The c e l l s l i e p a r a l l e l to one 
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anoiiier and are divided into four f ields by four longitudinal 
l i nes , two sub-dorsal and two gub-ventral in position. 'Qiese 
muscles appear anteriorly in thie form of four t issue masses, 
one in each sector, a t the anterior most end of the "body. 
Proceeding a few mi era posteriorly, the tissue masses are 
pushed towards the periphery. This i s preceeded by the 
appearance of the f i b r i l l a r portion of the muscle ce l ls that 
get closely applied to -the cuticula. The f i b r i l l a r part of 
the ce l ls i s sl ightly raised dis ta l ly . Prom th is point 
onwares upto the level of the nerve-ring, the cell becomes 
h i ^ e r and project more or l e s s l ike knobs into the body 
cavity. At th is level f i b r i l l a r portion of -tiie muscles 
never appeared grooved. Further onwards the normal somatic 
muscle ce l l s increase in height and a l i t t l e behind -fee 
nerve-ring assume the typical form of somatic musculature. 
A detailed study of the individual muscle cell reveal 
these to be made up of a f i b r i l l a r region and a sarcoplasmic 
region. The former close to the hypodermis layer i s comprised 
of a p i le of ribbons or bands of homogeneous contract i le 
substance alternating with a non-contractile one containing 
the supporting f i b r i l s , and the l a t t e r i s just a protoplasmic 
mass having a net work of contracti le f i b r i l s liiich also 
retains the nucleus (Pig. 7). 
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The f i b r i l l a r p a r t of the muscle has the shape of a 
V or U vath. the notch varying in deptbi. The f i b r i l l a r 
portion of the muscle c e l l s do not end abrupt ly but tapers 
down to a f ine point a t e i iher ends. Baker (1936) explained 
tha t these fine ends appear as small muscle c e l l s wedged in 
between the l a rge r muscle c e l l s . Such a condition was not 
observed in tbe present study. The r a t i o between width and 
length as given by him was almost 100 times longer than 
broad, but the present author found the basal vddth of a 
ce l l as about 0.005 mm, while the length was found to range 
as high as 0.600 mm in average. 
There i s a unique tendency of the muscle c e l l s to 
converge towards the median l i n e a t the ven t ra l h a l f of the 
body. These a lso give out processes towards the motor 
nerves. Baker (1936) gave similar observation and explained 
tha t not only the prolonged processes of -the muscle c e l l s 
run to the median nerves but the muscle c e l l s themselves are 
l i ned together by the fonaer s t ruc tu re . 
In case of males the musculature almost remains the 
same with a l i t t l e difference tha t the muscle bands hang 
deep in to the body cavi ty occupying most of the space. 
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THE BODY CAVITY 
E a r l i e r -the body c a v i t y of ngmatodes h a s been 
compared to a segmentation c a v i t y and to a coelome, bu t 
Rauther (1909) po in t ed out t h a t n e i t h e r comparison i s 
p o s s i b l e . The body c a v i t y i n nematodes i s n o t l i n e d by a 
mesodermal l a y e r on i t s e i t h e r s ide and so i t i s c a l l e d a s 
pseudocoelome. I n case of H e t e r a k i s fflllinarum i t ex tends 
a lmost t he e n t i r e l e n g t h of the body, except the reg ion of 
the oesophagus and the p o r t i o n behind the anus vftiere i t i s 
a lmost o b l i t e r a t e d by the massive growth of the connec t ive 
t i s s u e . In the i n t e s t i n a l r e g i o n , iiie g r e a t e r p a r t of t h e 
body c a v i t y i s q u i t e narrow because of t h e c l o s e a s s o c i a t i o n 
of the gut to the body c e l l and the p re sence of t h e reproduc-
t i v e o rgans . 
The pseudocoelomic f l u i d 
The pseudocoelome i s f l u i d f i l l e d space . The f l u i d 
i s t h i ck and c o n t a i n s d i s so lved subs tance i n the form of 
g l o b u l e s . When the worm i s t r e a t e d with a f i x a t i v e , t h e 
f l u i d becomes sedimented and g e t s depos i t ed . In c r o s s -
s ec t i on t h e s e a r e seen a s th ick spongy mass of g r a n u l e s with 
v e s i c u l a r c a v i t i e s i n between them. Those r e g i o n s of t h e 
- 47 -
spongy mass vAiich acqui re the form of threads or lamellae 
take up haematoxylin s ta in deeply. This has been found 
loca l ized in specified p a r t s of the body, u sua l ly in the 
oesophageal region and the region of the hind gut . No 
nuclei have been found in t h i s region. 
The exact na ture of the pseudocoelomic f lu id i s no t 
very well known and needs a t h o r o u ^ inves t iga t ion , Ansari 
and Basir (1964) pointed out two p o s s i b i l i t i e s regarding 
the nature of the pseudocoelomic f lu id: ( 1) a physiological 
body f lu id coagulable by f ixa t ives or ( 2) a mesenchymatous 
t i s sue of low organizat ion. I t i s extremely d i f f i c u l t to 
determine v a l i d i t y of e i the r of the above condit ions dae 
to the lack of proper t e s t s which could enable a micro-
scopical d i f fe ren t ia t ion between a coagulum and lowly orga-
nized t i s sue . 
Connective t i s sue 
I t i s in the form of a ne t work of nucleated s t rands 
of f ibrous t i s sue which occupies the whole space of the 
inner surface between the oesophagus and body wal l . Generally 
the direct ion of the t i s sue i s from the inner muscular l ayer 
towards the oesophagus. I t takes the fonn of support or 
- 48 -
mesentric t i a sae round the oesophagus and continues an te -
r i o r l y to gncircle the buccal region. The oesophagus i s 
also surrounded "by the strands of f ib re s vdiich are a t tached 
vath the muscle c e l l s and var ious chords. Most of the 
organs present in the "body cavi ty a re sheathed • by a very 
thin covering of connective t i s sue f i b r e s . Large sized 
nuclei were found sca t te red in the general mass of the 
connective t i s s u e . The region of the connective t i s s u e 
takes a deeper stain or eosin. At the region of the nerve-
r ing the connective t i s s u e i s not in abundance because of 
the presence of numerous ganglionic c e l l s (P ig . 32). The 
t i s sue decreases gradually a t the beginning of the 
i n t e s t i n e . In the pos te r io r most p a r t of the anal region, 
the var ious chords pro jec t inwards to such an extent tha t 
i t was found impossible to dis t inguish t h i s t i s s u e from the 







Bxplanation of f igures 
T. S. of a typical somatic ce l l . 
T. S. passing through the caudal a l ae . 
T. S. passing through the region of somato-
i n t e s t i n a l muscles. 
ii.g. 10. Diagrammatic representa t ion of -the l aye r s 
of c u t i c l e . 
T.S. through the cu t ic le of the "body. 
T. S. through the dorsal r idge. 
T. S. through the l a t e r a l chord stiomng 
the p a r t i t i o n canal. 
T. S. passing through the sucker. 
T. S. passing through the region of 
oesophagus shovdng dorsal chord, l a t e r a l 
chord and vent ra l chord. 
K.g. l6 . T.S. passing through the region of the 
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PIGESCTVE SYSTSM 
The d i g e s t i v e system i n H e t e r a k i s ga l l i na rum comprized 
of a simple and s t r a i g h t tube extending throughout the body 
from a n t e r i o r •mouth opening to t e rmina te i n the p o s t e r i o r 
p a r t on the v e n t r a l s i d e of the body. The mouth l e a d s 
throuf^ a shor t stoma i n t o a muscular pharynx. I t fo l lows 
f u r t h e r a s a c lub-shaped oesophagus and communicates i n t o 
the i n t e s t i n e v i a a v a l v e . The i n t e s t i n e \ ^ i c h i s i n the 
form of a long narrow s t r a i g h t tube open through the 
i n t e s t i n o - r e c t a l v a l v e i n t o the rectum. In the female the 
rectum opens to the e x t e r i o r by a v e n t r a l l y s i t u a t e d anus 
v t i i le i n the male the r e p r o d u c t i v e duc ts u n i t e with i t to 
form a c loaca which u l t i m a t e l y opens to the e x t e r i o r on 
the v e n t r a l s ide a s the common a n o - g e n i t a l a p e r t u r e . 
Mouth and cepha l i c s t r u c t u r e s 
The mouth i s t e rmina l and occupies the c e n t r e of t he 
a n t e r i o r t i p . The opening i s rounded and n o t t r i - r a d i a t e a s 
r e p o r t e d by Clapham ( 1 9 3 3 ) . I t i s surrounded by t h r e e l a r g e 
a lmost equal s ized l i p s . The l i p s a r e named acco rd ing to 
t h e i r p o s i t i o n , one dorsa l and two s u b - v e n t r a l . Two l a r g e 
duplex p a p i l l a e a r e p r e s e n t on the dorsa l l i p , whi le each of 
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the sub-ventral l i p has a l a rge sub-median duplex pap i l l ae 
and smaller simple l a t e r a l pap i l l ae and amphids (Fig . l) . 
Clapham (1933) f a i l ed to l o c a t e the presence of 
teeth associa ted vdth the l i p s , but TJribe (1922) and Baker 
(1936) reported such a s t ruc tu re . According to the l a t t e r 
author each of the l i p being provided with a pa i r of t ee th , 
a set of l a rge an te r io r teeth and another set of smaller 
teeth placed pos t e r io r ly . ISie present author has found 
these teeth as spine l i k e project ion placed on the inner 
surface of the l i p s . Since these teeth as explained by 
Baker ( 1936) are incapable of making independent movement 
and also t he i r posi t ion in r e l a t i o n to each other a re not 
always constant , the present author has every doubt about 
the v a l i d i t y of these s t ruc tu res as t ee th . Baker, himself 
took these s t ruc tures as organs for adhesion and never 
believed these could function as chewing s t ruc ture ( i l g . 1). 
Tho movement of the l i p s i s brought about by the 
at tached muscles (51g. 20). The mouth cavi ty i s opened by 
the backward pull of the muscles a t tached ins ide the outer 
wall of the l i p s . In t h i s way the l i p s a re drawn apar t 
makin.-^ the inner surface of the l i p s more and more convex. 
The contract ion of the r e t r a c t o r muscles of the l i p s secure 
firm grip against the i n t e s t i n a l wall of the hos t . 
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Buccal cavi ty 
The mouth l eads in to a short Tauccal cavi ty or stoma. 
I t connects the mouth opening with the pharynx. The lumen 
i s c i r cu l a r and qui te narrow. The wall of the stoma i s 
devoid of any armament. 
Oesopha^s 
The lumen of the oesophagus shov/s qu i te a uniform 
t r i - r a d i a t e symmetry in c ross-sec t ion . Normally one of the 
rays always po in t s towards the e ven t ra l s ide, the remaining 
two being sub-dorsal in pos i t ion (Pig . 21). Circular enlarge-
ments of the lumen are present a t the ends of three rays 
s l i ^ t l y an te r io r to the oesophageal "bulb ( i l g . 15). These 
have 'been named by Baker (1936) as the c i r cu l a r canal with 
the wall supposed to be made of homogeneous secre tary products . 
Immihk (1924) A^ile stud?/ing Strongylus oedentatus has shown 
tha t the wall of the lumen i s not of pure ch i t i n but of an 
albiminoid substance. 
The external coverin'^ of the oesophagus, a s t ruc tu re -
l e s s l aye r , ' t un ica p ropr i a ' covers i t throuf^out i t s l ength . 
The tunica propi la though seems to be cu t i cu l a r , but there 
exis t a considerable difference of opinion regarding i t s origin 
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and na tu re . I t i s regarded as secret ion product of ttie 
muscle c e l l s , vfcile o thers including Martini (1908) d i f fer 
with t h i s view and observed tha t marginal nucle i a re respon-
s ib le for i t s development. Chitv/ood (1950) also agreed wi-fc 
t h i s idea as more log ica l and convincing. 
The oesophagus i s a s^mcytial s t ruc tu re . A l a r g e 
number of different types of tissjues, nucle i and a v a r i e t y 
of other muscle bands, n e r v e - c e l l s and many other c e l l s of 
unknown nature together from the oesophagus. The protoplasm 
of each of the oesophageal glands genera l ly r e t a in i t s 
i d e n t i t y and nuclei of the muscles a re placed as to have no 
doubt tha t each belong to a specif ic f ib re (Pig . 21). 
Two tjrpes of f i b re s c o n s i t i t u t e the musculature of 
the oesophagus. They a re known as marginal muscles f ib re s 
and rad ia l muscle f ib res (K.g. 21). These could be eas i ly 
recogaised by the i r po in t s of attachment. The small group 
of f ib res which connects the d i s t a l ends of the rays to the 
periphery'' are known as marginal muscles. These muscles a re 
i n se r t ed in the thi'ck knob-l ike s t ruc ture present a t the end 
poin ts of each ray viiich a re spec ia l ly meant for t h i s purpose, 
The protoplasmic strands associa ted with these f i b r e s a re 
sarcoplasmic. The marginal muscles a re h i ^ l y developed in 
t h i s region and the lumen of the oesophagus i s kept in i t s 
pos i t ion by these muscles. 
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The other type of muscles namely, the r ad i a l muscles 
a re more d i s t i n c t and qui te numerous as compared to the 
marginal fiTores. These muscles a re i n se r t ed a t one end. on 
the sides of the oesophageal rays and the other end i s 
i n se r t ed to the external wall of the oesophagus. 
The oesophageal "bulh 
The lumen of the oesophagus undergoes a considerable 
change a t the point viiere the oesophageal bulb a r i s e s . When 
the lumen i s traced deep in to the bulb i t was observed tha t 
the rays increase considerably in depth but the normal t r i -
r ad i a t e symmetry i s maintained as shown by the r e s t of the 
lumen of the oesophagus. The lumen enlarges considerably 
in the centre of the bulb and a t the middle there a re present 
three almost knob-like s t ruc tu res v^ich a r i s e from the wall 
of the lumen and found to have a prominent r o u ^ ' ; inner 
surface which extends in to the lumen. These s t ruc tu res were 
described by Baker (1956) as ' r o l l e r * and were considered to 
be associa ted with va lvular apparatus . Their presence in 
the oesophageal bulb provides a strong plea tha t these a re an 
accessary pa r t of the oesophageal fa lve . But t h e i r v a r i a b l e 
pos i t ion observed by Baker (1936) in d i f ferent viiole mount 
prepara t ions presents log ica l function as s t ruc tures concerned 
with regulat ion of the movement of food from an te r io r to 
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pos t e r io r . 
The "bulb i s h i ^ l y muscular and possesses l a r g e and 
important glandular s t ruc tu res . Here also the marginal and 
rad ia l muscles are present , which likevri.se operate for the 
support and for the enlargement of the oesophagus. The 
muscles a re more developed and take an oblique pos i t ion 
a n t e r i o r l y and pos te r io r ly . The oesophageal glands l i e i n 
between the l a rge muscle f ib res found between each rays of 
the lumen. 
The oesophageal glands 
There are three oesophageal glands as three gland 
nuclei could be dist inguished. One nucleus ly ing in each 
of the three areas divided by rays of the lumen. These gland 
c e l l s , one dorsal and two v e n t r o - l a t e r a l a re fused in the 
posteii-or pa r t of the oesophageal bulb. These appear simulta-
neously but open a t d i f ferent l e v e l s d i r e c t l y in to the lumen 
of the oesophagus by means of ducts . The openings of the 
v e n t r o - l a t e r a l glands were loca ted within the oesophageal 
bulb. 
The glands take t h e i r pos i t ion in between the muscle 
f ib res because of t he i r lobed s t ruc tu re and numerous glandular 
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remif icat ions . A longi tudinal duct runs in each gLacid viiich 
appears to be devoid of any cu t icu la r l i n i n g . The cytoplasm 
of t h i s region shows a s t ruc tu re l e s s outer memberane and an 
inner granular por t ion. These granules a re l a rge but they 
are few in number so a s to leave many spaces within the glands. 
The function and signif icance of these glands i s far 
from cer ta in . Hov/ever, t he i r pos i t ion and opening in to the 
lumen of the oesophagus would no doubt, suggest some d iges t ive 
function. 
Oesophago-intestinal valve 
Most of the nematodes possess a va lve a t ihe point 
viiere the oesophagus meets the i n t e s t i n e . A valve i s a lso 
present in the case of Heterakis gallinarum, as a l a t e r a l l y 
f la t tened s t ruc ture a t the junction of the oesophagus and 
i n t e s t i n e (Pig . 19). A cu t icu la r coating i s present a t the 
inner l i n ing of the valve viaich makes i t a continuous 
s t ructure with tha t of the lumen of the oesophagus. The 
valvular apparatus i s placed in the cavi ty formed by the 
an te r io r end of the i n t e s t i n a l wall which bends inva.rds and 
backvra.rds in the form of funnel (P ig . 23). I t appears a s a 
small c i r cu la r channel. A number of changes have been 
observed in the lumen of the oesophagus, before the formation 
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of the va lve . Prom the centre of the oesophageal "bulb the 
lumen narrows considerably towards the pos te r io r end, one 
of the sub-dor sal rays begin to shorten and the lumgn appears 
l i k e a ven t ra l s l i t wi.th the dorsal rays disappearing a t t h i s 
po in t . Gradually an increase in -Qie r ad ia l musculature was 
also observed in the lumen of the oesophagus vAiich were 
found at tached with the Sides of the lumen. The opening and 
closing of the wall i s brought about by sphincter muscles 
vtoich a re in the form of c i r cu l a r bands of f ib res surrounding 
the valve . 
I n t e s t i n e 
The i n t e s t i n e of nematodes i s j u s t l i k e a s t r a i ^ t 
tube* the wall of which i s composed of ep i the l i a l c e l l s . I t s 
gross morphology does not d i f fer much from other nematodes. 
A single layer of t a l l and hexagonal columnar ep i the l i a l 
c e l l s form the wall of the i n t e s t i n e , viiich genera l ly remains 
as such throughout i t s ent i re length ( i l g . 24). I t may be 
divided in to three d i f ferent regions . The an te r io r or v e n t r i -
cular region, mid region or i n t e s t i n e proper and the pos te r io r 
p a r t oJ* the p re - r ec t a l region. 
The ven-t^cular and p re - r ec t a l regions commonly d i f fer 
from the mid-re,gipn or the i n t e s t i n e proper in the h e i f ^ t of 
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of the ce l ls and shape of -the lumen, Umally there i s 
also some difference in the type of cell inclusions 
present in these regions. Ilie cardia.c swelling i s present 
viiich has been formed by the dilatation of the anterior 
region of the in tes t ine . These cel ls are 2-3 times as 
high as vdde. The lumen of th is region i s l a t e r a l l y 
flattened and irregular in out l i ne . The ce l l s of the 
mid-region are cuboidal and the lumen i s quite regular, 
vfoile in the pre-rectal region the smoothness i s l o s t 
again. The ce l l s give r i se to irregular extensions and 
once again the lumen assumes more or l e s s t r i - r ad ia t e 
shape. 
The author agrees vdth Baker (1936) liiat in case of 
Heterakis galllnaram iiie walls of the in tes t ina l lumen are 
lined with a bacil lary layer or • Stabchensaum*, but some-
times a dist inct sub-bacillary layer or *Deckschicht* i s 
also apparent. The bacil lary layer i s considered to be 
the characterist ic feature of the inner surface of the 
in tes t inal ce l l s of nematodes and appears to be closely 
packed, short rod-like structures viiich project into the 
lumen. 
The protoplasm ox the epithelial ce l l s , i s divisible 
into dist inct zones. The protoplasmic zone of each cell 
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containing a nucleusf l i e s betv/een iiie sub-baci l la ry 
layer and the "basal lamella vAiich happened to be the 
outermost l aye r of the ce l l (Pig . 22). The ce l l "boundaries 
and var ious l aye r s are d i s t i n c t in the an t e r i o r region 
"but l e s s and l e s s so pos t e r io r ly . The d e t a i l s of -the 
different l a y e r s a re as follows^ 
Baci l lary layer : 
The b a c i l l a r y l aye r cons i s t s of an i n t e rna l hyal ine 
border appearing to be made up of fine rods or c i l i a on 
the free edges of ep i the l i a l c e l l s . The rods general ly 
appear to be fused together and thus forming an almost 
sol id memberane. At cer ta in places the rods were found to 
r e t a in t h e i r i nd iv idua l i t y . A de l i ca t e f i b r i l a r i s e from 
the base of each rod and extends in to the cytoplasm of the 
surrounding c e l l s through tlie sub-bac i l la ry l aye r . The 
cardiac p a r t of the i n t e s t i n e having e p i t h e l i a l c e l l s a re 
provided with a h i ^ • Stabchensaum*, I t i s often more 
than one th i rd of the t o t a l height of the c e l l s . A gradual 
decrease in 'Stabchensaum*, was found to occur in the pre -
r ec t a l region viiere i t becomes very low. 
I t was found very d i f f i cu l t to determine iiie na ture 
and significance of t h i s l ayer . Some e a r l i e r workers 
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believed that i t develops from some mater ial from -fee 
i n t e s t i n a l contents . Jagerskiioeld ( I894) found ttiat 
• Stabchgnsaum* cons is t s of long separate rod l i k e 
s t ruc tures viiich pro jec t in to the lumen. Looss (1905) 
refer red ' Stabch gn saum* as a cu t i cu l a r l aye r . Qaak (1913) 
a f t e r making a deta i led and very careful examination of 
the i n t e s t i n a l c e l l s concluded tha t the individual rods a s 
described by Jagerskioeld are in the form of longi tudina l 
se r i e s of a lveol i and tha t the i n t r a - a l v e o l a r substances 
from the i n t e s t i n a l contents hold i±iem up together in t h e i r 
pos i t ion . Hetherington (1932) believed iiiat sub-baci l la ry 
layer cons i s t s of f ine granules which appeared to be 
connected with each other and wd.th the rods vfcich form the 
bac i l l a ry l aye r . Muller (19 29)» while working with Ascar is 
lumbricoides gave h i s opinion tha t the b a c i l l a r y and sub-
b a c i l l a r y l aye r s are not pecul ia r to nematodes» but occurds 
in the i n t e s t i n e of var ious groups of worms as well a s in 
arthropods and ve r t eb r a t e s . 
Sub-bacil lary layer 
This layer was named by Baker (1936) as r e t i c u l a r 
l aye r . I t s t a ins very sharply with i ron haematoxylin_,a£tt3:' 
and appears l i k e a dense mass of reticulum or a l aye r of 
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granules. Due to the specialized character of th is layer, 
i t i s also sometimes termed as 'Deckschicht*. This granular 
character of the sub-bacillary layer supports the hypo-
thesis that the ' Stahchensaum' has heen originated from the 
c i l ia l ike stnictures as the position of suh-hacillary 
layer suggests, vAiich correspond to the layers of the basal 
granules in c i l ia ted epithelium. However, Baker identified 
the sub-bacillary layer as re t icular layer. 
Protoplasmic zonei 
The presence of protoplasmic zone (Fig. 22), seems 
to be of no special significance in nemic study. The nature 
of the protoplasm in th is zone var ies . Sometimes i t appears 
to be alveolar and a t other times i t i s granular. I t forms 
comparatively dense zone r i ^ t beneath the sub-bacillary 
layer. Schneider (1902), found i t f i t to call as *nutri-
torishe zone* or nutr i t ional zone. A net-work of plasma 
strand i s present in the granular endoplasm. These granules 
are supposed to be the digested food par t ic les \(Aiich the 
parasite collected during the course of i t s absorption. 
Baker (1936) considered, this part of the in tes t ina l cell 
quite different and called i t as the trabaculae. The 
trabaculae appeared as fine f i b r i l l a r strands vhich help in 
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•ftie stimulation of neuromotor apparatus. He got the 
support in t h i s respect from olDservations made by Muller 
(1929) in case of Ascaris lum"bricoides« ^-Jhereas Looss 
(1905) described such s t ruc tures in hookworm as 'brovm or 
black pigment' derived from iiie colouring matter of ihe 
blood. Since Heterakis gallinarum feeds on the caecal 
contents v^ich also contain blood pigment e tc . The present 
author agrees with the opinion expressed by Looss and 
bel ieves tha t these granules are no doubt digested food 
p a r t i c l e s . The protoplasm of Hie cardiac p a r t of the c e l l s 
contains l a rge vacoules or a l v e o l i . The external p a r t of 
the ce l l has a s ingle nucleus with a l a rge nucleolus . The 
presence of more than one nucleus i s not very common and 
• i s r a r e ly found. A dense region i s again formed a t the 
external most p a r t of the protoplasmic zone viiich i s some-
times termed as 'basoplasm*. I t appears tha t a thin ecto-
pia smic membrane externa l ly covers the whole protoplasmic 
mass. 
Basal lamella? 
A homogenous l aye r termed as basal lamella (Pig . 22) 
i s present in immediate contact wi1ii external ce l l surface. 
Apparently t h i s l aye r i s a supporting s t ruc ture and a 
secretion product of the i n t e s t i n a l epithelium. There i s 
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no doulDt that i t acts as a protective sheath for the 
intes t ine . 
Somato-intestinal muscles are present in the pre-
rectal region of the in tes t ine (Pig. 9 & l6) . The position 
and insertion of these muscles suggest that these should "be 
supportive in function. 
Intest ino-rectal valve 
As 131 e oesophago-intestinal valve i s present a t the 
place -vAiere i t , opens into the in tes t ine , the in tes t ine 
also forms an intest ino-rectal valve a t the place \heTe i t 
communicates vdth the rectum ( l i g . 67). I t i s a simple 
struc'bure and i s formed lay the extension of terminal portion 
of the intes t ine which narrows and projects into tlie lumen 
of the rectum in the form of a valve. The in tes t ine iDecoraes 
swollen just before the formation of th i s valve and a t th is 
region i t s epithelial ce l l s are much smaller and very compactly 
arranged. The action of the valve i s controlled by a 
sphincter muscles viiich encircles i t completely. 
The posterior gut 
The l a s t portion of the alimentary t rac t i s loiown 
as the posterior gut. I t l i e s beyond the mesenteron or the 
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intes t ine terminating into an aperture called the anus 
v^ich opens outside the body in the t a i l region on the 
ventral side. I t i s always internal ly l ined by the 
cuticular layer and formed as a proctodeum. The cuticular 
layer was found in continuation with the external cuticular 
layer of the body. I t comprised of the following par ts . 
( i ) Rectum 
( i i ) Hectal &Lands 
( i i i ) Cloaca 
Rectum: 
The rectum i s more or l e s s a short flattened 
irregular tube. I t i s formed by the invagination of the 
cuticular covering of the body of nematodes. The anterior 
region of the rectum extends over and covers the posterior 
t ip of the intest ine thus, enclosing the intes t ino-recta l 
valve as well. The rectal lumen i s dorso-ventrally 
compressed a t i t s beginning. I t assumes an irregular shape 
giving out extension in a l l the directions. I t becomes 
s l i t - l i k e in the l a s t region and f inal ly opens outside 
throu^ the anus vfaich i s present on the ventral side. 
In the case of male, a common ano-genital passage, 
"the cloaca i s present. The rectum thus differs a l i t t l e 
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from -the rectum or anus which i s present i n the female. 
In male also i t i s in the form of a short and f l a t t ened 
tulDe l i k e tha t of the female cu t i cu la r l i n i n g muscle 
supply and other s t ruc tu res ( H g . 67). 
The musculature of the rectum has already "been 
described in d e t a i l . The dorsal wall of the rectum elevated 
"by the depressor ani which he lps iiie mater ial to "be drawn 
in to the r ec t a l cavi ty. The d i l a t o r muscles on the other 
hand help in elevation of the pos te r io r t i p , and thus 
defaecation i s b r o u ^ t about. No c i r cu l a r muscles were 
found to occur around liie rectum and the phenomenon of 
defaecation i s accompanied by the pressure . 
Rectal /ylandi 
The r ec t a l glands are present a t the point vdiere 
i n t e s t i n e and the rectum meet each oiiier. These a re three 
in number but each occupy di f ferent l oca t ions (Pig . 18). 
One of these glands i s located dorsal to the alimentary 
canal and the other two occupy l a t e r o - v e n t r a l pos i t i ons . 
The v e n t r o - l a t e r a l r e c t a l glands has/ i t s opening s l i g h t l y 
more an t e r i o r than the other tv;o. 
In the case of male also the r e c t a l glands (K.g. 67) 
occupy almost similar pos i t ion as those of the female. But 
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here th.e s i tua t ion i s r a the r complicated, due to the 
presence of the reproductive s t ruc tu res which a re to he 
found in t h i s region. The dorsal r e c t a l gland i s l a r g e r 
in the case of male than Lid. the corresponding gland of 
the female. In the case of male i t cons i s t s of three 
c e l l s vihile in female i t i s composed of only one c e l l . 
As in the case of female, the dorsal r e c t a l gland of the 
male does not discharge i t s contents in to the d iges t ive 
t r a c t a t ttie same leve l a s the other two r ec t a l glands. 
But the dorsal gland opens s l i g h t l y more a n t e r i o r . In 
the case of male, the l a t e r e - v e n t r a l r e c t a l glands, l i k e 
those of female, consis t of a s ingle ce l l and each gland 
contains a prominent s ingle nucleus. A close assoc ia t ion 
between the l a t e ro -ven t r a l r ec t a l glands and the l a t e r a l 
chords has heen observed. At "the same point small ducts 
have also been observed a r i s i n g from the r ec t a l glands a t 
p laces vfaere i t jo ins the alimentary canal . 
Cloaca? 
The cloaca i s found only in the males. The vas 
deferens jo ins the rectum ju s t pos te r io r to the i n t e s t i n o -
r e c t a l valve from the ven t ra l s ide. I t s passage i s very 
short and i n t e r n a l l y l i ned with c u t i c l e and covered over 
external ly by a c e l l u l a r l aye r . Certain s t ruc tu res of the 
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male reproductive systenif such as the spicules vAiich a re 
associa ted with i t will "be described under the reproductive 
system. The cloaca terminates p o s t e r i o r l y in to a v e n t r a l l y 
s i tua ted cloacal o r i f i ce (ii-g. 72) . 
Bxplanation of f igures 
T. S. passing through the anal region of the body. 
T. S. passing through the r ec t a l glands. 
T. S. passing through the oesophago-intestinal 
valve. 
Longitudinal section Rowing the mouth cavity 
and the musculature of the l i p s . 
T. S. passing through the region of oesophagus 
showing marginal muscles and rad ia l muscles. 
T. S. of an e p i t h e l i a l ce l l of the i n t e s t i n e . 
Reconstruction of the oesophago-intestinal 
valve. 
i l g . 24. T. S. of i n t e s t i n a l lumen showing the hac i l l a ry 
l aye r . 
K-g. 
P ig . 
P ig . 
K-g. 
P ig . 
P ig . 
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P r e l i m i n a r y s t u d i e s on iiie exc re to ry system of 
H e t e r a k i s ga l l ina ram h a s "been conducted i n o rder to make 
more d e t a i l e d observa t ion than p r e s e n t e d "by e a r l i e r 
workers . The system appea r s to be an H- type , i he p a r t s 
comprised a r e exc re to ry p o r e , t e rmina l exc re to ry duct , 
the exc re to ry s inus and a p a i r of l o n g i t u d i n a l e x c r e t o r y 
canal/ ( F i g . 51) . 
Tile exc re to ry system opens o u t s i d e the body i n t h e 
form of a pore ( F i g . 25) and i n t e r n a l l y l e a d s i n t o a t e rmina l 
duct u n t i l i t merges vrlth the e x c r e t o r y s inus ( F i g . 26) . 
This s inus g i v e s out two t r a n s v e r s e exc re to ry duc t s vAiich 
open i n 1iie l a t e r a l exc re to ry c a n a l s p r e s e n t i n the l a t e r a l 
chords . The l a t e r a l exc re to ry c a n a l s extend only fo r sho r t 
d i s t a n c e a n t e r i o r to the p l a c e where the t r a n s v e r s e e x c r e t o r y 
canal j o i n s . 
The exc re to ry pore ( F i g . 29) i s l o c a t e d , i n both male 
and female n e a r the a n t e r i o r end of the body s h o r t l y behind 
the ne rve r i n g . I t t a k e s i t s p o s i t i o n on the mid-vcsntral 
p a r t of t he body. The pore l a c k s c u t i c u l a r s p e c i a l i z a t i o n s 
or l i p s . I n t e r n a l l y i t l e a d s i n t o the te rminal duct viiich 
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passes througli 1iie t i s sues of the ven t ra l chords* f i r s t , 
in an antero-dorsal d i rec t ion , then leads teckwards and 
opens in to the excretory sinus. Baker (1956) described 
the excretory tuhes as c i r cu la r i n shape vdth a def in i te 
ou t l ine . So far the lumen of the duct i s concerned, i t 
has been found to be i r r e g u l a r . The vra.ll of the duct i s 
formed by the hj'podermal t i s sue liiich i s i n t e r n a l l y l i ned 
vji-lii •\he c u t i c l e , the l a t t e r being continuous vath the body 
c u t i c l e throu|^ the excretory pore. The point where the 
terminal duct jo ins the excretory sinus, f ine bands of 
f ibrous t i s sue in the form of sphincter muscles have been 
observed. I t i s supposed tha t i i i i s port ion of the duct 
functions as a valve and thus cont ro ls the flow of excretory 
vjaste outs ide. However, Baker (1936) did not mention . such 
a s t ruc tu re , perhaps the author missed to loca te i t during 
observation. 
f 
The excretory sinus 
The excretory sinus ( H g . 26) also sometimes termed 
as excretory ve s i c l e or excretory bulb i s considered as the 
storage structure* The lixmen of the sinus does not have a 
de f in i t e shape in a l l cases but i s va r i ab l e . The valve i s 
made up of a lveola te or granular cytoplasm. A l a rge nucleus 
i s a lso present vftiich i s known as sinus nucleus. The sinus 
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i s present •wiiiiin the t i s sue of the toidge and on each 
side i t gives out t ransverse excretory ducts ( H g . 25) 
»^4iich in t he i r turn open in to the l a t e r a l excretory canal 
of respect ive side (Fig . 28). 
Ttie excretory toidge 
I t i s formed "by the extension and fusion of the 
l a t e r a l and ven t ra l chords (Fig . 30), The junction of 
an te r io r t ransverse excretory tube occurs vdthin the "bridge. 
I t i s not ce r ta in as how far the l a t e r a l chords take p a r t 
in the formation of excretory bridge but sometimes the 
l a t t e r organs show the signs of f ibrous elements in t h e i r 
outer p a r t s . A l a rge nucleus i s present a t the point where 
the l a t e r a l excretory tube come together v^ich i s in close 
contact vjith the p a r t s on the ven t ra l s ide . There a re 
extensions, vAiich a r i s e from the l a t e r a l chords and thus 
join the excretory br idge. I t then rap id ly divides along 
the median l i n e to become continuous with the wall of the 
tubes. The excretory tubes enter the l a t e r a l chords t h r o u ^ 
the centra l f i e ld and from the i r d i s t a l edge run far back-
ward in the body. I t i s suggested tha t the bi ldge serves 
to hold and give support to the excretory canal, excretory 
sinus and terniinal excretory duct. 
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The l a t e r a l excretory canals are present within 
the l a t e r a l chords near t h e i r inner margins (Mg . 27). 
They are well developed and end as "blind tubes on e i the r 
side. Ampulla-like s t ruc tures could not "be obseived a t 
the terminal end of the excretory canals . The lumen of 
the canal i s moderate with a f a i r l y regular l i n i n g . 
Prom the anatomical stand poin t , the close associa-
tion of the excretory tube with the V-shaped area of the 
chord i s very s ign i f ican t . I t was Goldschmidt who expressed 
the view tha t the adjacent area of the l a t e r a l chords which 
hold in i t the excretorj'- canals a re special ized s t ruc tures 
and represent a sor t of true-kidney of nematodes. In case 
of Heterakis gallinarum, , such area of j e l l y - l i k e matrix with 
fibrous elements d i s t i n c t from the r e s t of the chord extend-
ing from the base of the l a t e r a l l i n e s towards the excretory 
duct have been observed. Baker ( 1936) a l s o , reported such 
a s t ruc ture but expressed doubt about i t s t rue na tu re . 
Goldschmidt's idea , seemed to be qui te reasonable, but in 
the present study any i n t r a c e l l u l a r connection between the 
granular area of the chord wi1ii l a t e r a l excretory canal could 
not be observed. 
Byplanation of fif^ures 
Fig. 25. T. S. passing through ihe region of excretory 
"bridge and l a t e r a l excretory canal. 
Pig. 26. T. S. passing through the excretory pore, the 
tenainal excretory duct and the excretory 
sinus. 
Fig. 27. T.S. passing through ihe l a t e r a l chord stiowing 
the l a t e r a l excretory s inus . 
Fig. 28. T. S. passing through ihe l a t e r a l excretory cajials. 
Fig. 29. T.S. passing through the excretory pore. 
Fig. 30. T. S. passing through the excretory sinus. 





Basic knowledge r ega rd ing the nervous system of 
nematodes i s v e r y l i m i t e d and fragmentary. Whatever, 
knowledge regard ing t h i s system i s a v a i l a b l e i s based on 
the r e s u l t s and obse rva t ion made by Hesse ( 1 ^ 2 ) , Apathy 
(1894 ) , Deindca (1908) and Goldschmidt (1908) during the 
s tudy of nervous system of A s c a r i s l umbr ico ides and A s c a r i s 
m ega,l o c ephal a . 
Many known methods a f t e r r e p e a t e d t r i a l s , have been 
employed to demonstrate the ne rvous system i n H e t e r a k i s 
ga l l i na rum. Like most nematodes, the, main p a r t s a r e a n e r v e 
r i n g or cepha l i c commissure, v a r i o u s gang l i a and n e r v e s 
a s s o c i a t e d with them, The n e r v e - r i n g and v a r i o u s a s s o c i a t e d 
gang l i a may be compared with t h e ' b r a in* of h i g h e r groups 
of an imals a s they perform almost s i m i l a r func t ion . The 
l a t e r a l gangl ia correspond to iiie c e r e b r a l gang l i a and the 
c i r cumen t r i c r i n g r e p r e s e n t s t h e i r dorsa l and v e n t r a l 
connec t ions . The n e r v e - r i n g i s i n d i r e c t c o n t a c t with t h e 
c e p h a l i c n e r v e s , the dorsa l v e n t r a l and l a t e r a l gangl ion 
(K.g . 32 ) . Prom the n e r v e - r i n g four cepha l i c n e r v e s a r i s e . 
Two of them a r e sub-dorsa l and the o t h e r two a r e sub -ven t r a l 
i n p o s i t i o n . These n e r v e s proceed a n t e r i o r l y and a r e 
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provided with ganglia a t t h e i r or igin j u s t at tached to 
the nerve-r ing . These nerves run a n t e r i o r l y a l l the vra,y 
in d i rec t contact vri.th the external surface of the 
oesophagus. At the cephalic region they "bifurcate and 
supply to the cephalic p a p i l l a e . Five ganglia a re present 
associa ted with the nerve- r ing . They are ca l led the dorsal 
cephalic ganglion, ven t ra l cephalic ganglion, the post 
ven t ra l ganglion and two l a t e r a l gangl ia . Commissures 
connect the l a t t e r two with the nerve- r ing on the one hand 
and the ven t ra l cephalic ganglion on the other. Longitudinal 
neives a r i s e from each ganglion. 
Pour main nerves proceed p o s t e r i o r l y which o r ig ina te 
from the nerve-r ing and the associa ted ganglia. Namely, 
they are one dorsal nerve, one p a i r of l a t e r a l nerves and 
one vent ra l nerve. All a re present in t h e i r respec t ive 
chords. The l a t e r a l nerves a r i s e a t the hase of the l a t e r a l 
cephalic ganglia. Each gives a branch to i t s corresponding 
cervical pap i l l a and continues pos t e r i o r ly . At the pos t e r io r 
region i t hears a pa i r of l a rge ganglia , the lumber ganglia 
(51g. 30) in the anal region and f i na l l y terminate in the 
phasmids. Further, in the male, each of the caudal pap i l l ae 
rece ives a branch from the l a t e r a l nerves of i t s s ides . 
The ven t ra l nerve approach the t a i l and i s the main body 
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nerve. The vent ra l nerve i o pa i red in the Taeginning 
which l a t e r fuse to form a ganglion, ca l led as the pos t -
vent ra l or tile r e t ro -ves i cu la r ganglion ( i l g . 35). This 
proceed pos t e r io r ly as a single chord upto the anal region 
of the body. In the region of the vxilva, t h i s nerve 
supports the vulvar ganglion. Further pos t e r io r ly , the 
vent ra l nerve branches and the caudal muscles bend over 
to the ven t ra l nerve for t he i r innervat ion and bears two 
nerve ganglia a pre-anal ganglion a t the l eve l of the 
soma t o - i n t e s t i n a l muscles and an anal ganglion j u s t a n t e r i o r 
to the anus. A r e l a t i v e l y l a rge commissure passes on 
e i ther side from the anal ganglion around the rectum to 
join with the r ec t a l ganglion viiich l i e s on the dorsal 
side of the rectum a l i t t l e a n t e r i o r to the anal region. 
Differences have been not iced in respect of nervous system 
in the caudal region of the body in the tvro sexes. But 
they a re of very minor importance and the arrangement almost 
remains the same in both the sexes. They can eas i ly be 
homologized in most instajices, i f no t en t i r e ly . An oesophago-
synpathetic nervous system also occurs, in addi t ion to the 
body nervous system. 
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Ihe v^ole system has been divided in to the 
follovang three p a r t s in order to make the study easier . 
1. Centra.! nervous system 
2. Per ipheral nervous system 
3. Caudal nervous system 
Central nervous system 
The centra l nervous system in the case of Heterakis 
sallinarum cons i s t s of a nerve-r ing or cephalic commissure, 
var ious cephalic ganglia and the ganglionated p a r t of the 
vent ra l nerve trunk. 
Nerve-ring: 
The nerve-r ing , vdiich i s a lso commonly known as 
circum-oesophageal commissure, i s present a t the an t e r i o r 
p a r t of the oesophagus a t a distance of about 0.34 mm from 
the an te r io r pa r t of the "body. At t l i i s p lace the oesophagus 
i s encircled by the nerve-r ing . The dorsal side of the 
nerve-r ing i s s l i g h t l y t i l t e d an te r i ads and i s soraevAiat 
inc l ined in pos i t ion . I t i s composed of f ib res and 
contains a few nerve c e l l s , -therefore, a s such i t must no t 
be regarded as the main functional p a r t of the nervous 
system (Fig . 32). I t performs the function of an associa ted 
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s t ructure ^ e r e processes from the var ious ganglia of 
the centra l nervous system come in d i r ec t re la t ionsh ip 
vdth one ano-ther. Baker (1936) suggested tha t t h i s 
s t ruc ture l a r g e l y cons i s t s of f i b re s "but the present 
author i s of the view tha t f ib res of the nerve- r ing a re 
also supported and ensheathed by a substance of the 
nervous system known as g l i a . A net-work of t i s s u e s of 
subcuticular origin support the g l i a . The innervation 
processes from the somatic muscle in the cervical p a r t of 
the body a re also in d i rec t contact with the nerve-r ing , 
besides the regular neTve vfcich wil l be discussed l a t e r . 
Associated with the nerve-r ing a r e the ganglia of the 
cephalic pap i l l a ry nerves , ganglia of the amphidial glands 
and the four cephalic ganglia, vAiich a re ca l led a dorsal , 
vent ra l and a pa i r of l a t e r a l ganglia. There i s one more 
ganglia in the vent ra l nerve s i tua ted a l i t t l e behind the 
nerve-r ing. This i s known, as pos t -ven t ra l ganglia. 
Cephalic ganglion: 
Dorsal mxi^lloni According to Baker ( 1936) the dorsal 
cephalic ganglion i s not very conspicuous and i s the 
smallest of..the antein.or ganglia. I t i s s i tua ted on the 
inner side of the dorsal longi tudinal band j u s t behind the 
nerve-r ing and embeded in the t i s s u e of the dorsal chord 
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(Pig. 34). The cha rac t e r i s t i c ' r a d i a l l y s t r ia ted* ganglion 
ce l l appearance i s due to the fact tha t the g l i a f i b r i l s 
ac tua l ly enter the ganglion c e l l . The dorsal longi tudinal 
nerve s t a r t s from t h i s ganglion and continues p o s t e r i o r l y 
•within the dorsal chord (P ig . 33). 
Lateral ganglia: There are tv;o l a t e r a l ganglia. They a re 
by far the l a r g e s t of the ganglia and a re d i r ec t l y connected 
vri-th the nerve-r ing and the amphidial glands (P ig . 38). 
The author does not agree with Baker (1936) viio observed 
that the l a t e r a l ganglion are c lose ly associa ted vath the 
inner regions of l a t e r a l chords* but ins tead these were 
observed enclosed by the l a t e r a l chord. Far ther , these 
extend i n \ ^ r d s ' i n t h i s region to cover up these ganglia. 
These are s i tua ted l a t e r a l l y behind the nerve- r ing , on 
e i ther s ide. The ven t ra l ganglion i s joined by the l a t e r a l 
ganglia with the help of a minute commissures. 
Ventral ganglion: The ven t ra l cephalic ganglion l i e s a t 
a l i t t l e more pos te r io r l eve l to the nerve- r ing than the 
dorsal cephalic ganglion on the ven t ra l side (Pig . 38). 
Prom i t passes two l a rge masses of f i b re s to the nerve-
r ing (Pig . 37). I t g ives out commissures on e i the r s ide. 
Purther, they pass t h r o u ^ the sub-cuticula to reach the 
two cephalic ganglia. The ven t ra l longi tudina l nerve a r i s e 
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from the v e n t r a l c e r v i c a l gangl ion . Tliis ne rve p o s t e r i o r l y 
runs i n t h e l a t e r a l chord. 
P e r i p h e r a l ne rvous systgni 
The p e r i p h e r a l ne rvous system c o n s i s t s of amphidia l 
n e i v e s and somatic n e r v e s . 
Amphidial nerves^ 
Baker (1936) made no mention of t h i s n e r v e i n h i s 
s t u d i e s . The amphidial n e r v e s o r i g i n a t e from t h e amphidia l 
gangl ion p r e s e n t i n the l a t e r a l chords and a n t e r i o r l y 
supply to the amphids ( F i g . 36) . There a r e p r e s e n t two 
p a i r s of amphidial n e r v e s . The amphidial g a n g l i a a r e 
s i t u a t e d i n c lo se a s s o c i a t i o n vdth the l a t e r a l gang l i a 
p o s t e r i o r to the n e r v e - r i n g . Their connect ion with t h e 
n e r v e - r i n g i s n o t d i r e c t though they i n n e r v a t e t h e amphid 
of i t s s i de . The c e l l s of t h e amphidial n e r v e s a r e 
s i t u a t e d i n the amphidial g a n g l i a , and the axones of the 
c e l l s reach the n e r v e - r i n g by way of l a t e r e - v e n t r a l 
commissure. 
Aoc No. 
' < ^ ^ 
' '.W UNlvtRi^ 
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Somatic nerves? 
The nerves vAiich run t h r o u ^ var ious chords a re 
co l l ec t ive ly known as somatic nerves . Ilie nerves involved 
are dorsal , a pa i r of l a t e r a l and a ven t ra l nerve. They 
run in t he i r respect ive chords. 
Dorsal nervet This i s a median nerve and begins a t the 
base of the dorsal ganglion from the pos t e r i o r side of the 
nerve-r ing . I t irins t h r o u ^ 1he lengiii of the body embeded 
in the dorsal chord up to the pre-anal region. At pre-anal 
region i t b i furca tes , and both of i t s branches extend 
throu{^ the hypoderrais to the lumbar ganglion forming the 
dor so - l a t e ra l commissures. I t rece ives a l l the innerva t ing 
processes from the somatic muscles ly ing on i t s e i t he r side 
in the dorsal ha l f of the body. Hence i t i s to be regarded 
as motor nerves . No ganglia was observed throughout i t s 
en t i r e length . 
Latera l nerve« These are pai red and one longi tudina l 
nerve i s lodged in. each of the l a t e r a l chords. These a r i s e 
a t tlie base of the respect ive l a t e r a l cephalic ganglia and 
run towards the pos te r io r end of the body j u s t l i k e dorsal 
and ven t ra l nerves. Both of these nerves, t h e i r branches 
and var ious ganglia associa ted with them in the pos t e r i o r 
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pa r t of the body a re involved in the formation of a 
complicated s t ruc ture in the caudal end of the body, 
the so-cal led *caudal nervous system'. They also 
function as motor nerves l i k e those of the dorsal nerve 
v;hich give innervation processes to the somatic muscles. 
Ventral nerve? This neive i s s i tua ted opposite to the 
dorsal nerve in the ven t ra l chord. I t o r ig ina tes from the 
ventra l aspect of the nerve-r ing immediately belovi the 
vent ra l ganglia. In the region of the excretory bridge 
the ventra l nerve b i furca tes and the two branches go round 
the post -ventra l ganglion and reuni te towards i t s pos te r io r 
region resu l t ing in a single nerve vftiich proceeds backwards 
passing to the r i g h t of 1h.e excretory pore. The vent ra l 
nerve also receives the innervat ions from the somatic muscle 
c e l l s on e i ther s ide , in the vent ra l ha l f of the body. 
Thus i t i s a lso to be regarded as a motor nerve. I t 
enlarges a t i t s pos te r io r region of the body, beyond the 
rectum, and i s involved in cer ta in ganglion formation. 
Caudal nervous system 
In the pos te r io r or the caudal region of the body, 
(sometimes also termed as t a i l region) the vent ra l and 
l a t e r a l nerves with the i r var ious branches and ganglia 
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constitute a nerve-complex vtiich form the * caudal 
nervous system*. The arrangement of the ganglia and 
the nerve in th is region remain the same in "both the 
sexes. In case of male, fine nerve filDres ar ise from 
the la te ra l nerves to innervate the genital papillae and 
the genital sucker. These are the additional structure 
vAiich are not present in the case of female. I t i s 
probably due to the increased functional ac t iv i ty of 
this region for the reproductive processes. 
As the l a te ra l and ventral nerves approach the 
caudal region or the t a i l , they become much thicker. I t 
i s present in the region of the somato-intestinal muscles. 
Proceeding posteriorly, a l i t t l e anterior to the anus, the 
ventral nerve terminates in a ganglion known as the anal 
ganglion. I t l i e s a l i t t l e to the l e f t of the anus and 
not exactly ventral in position. From either side of the 
anal ganglion, the ano-rectal commissure ar ise vihich i s 
in the fona of re la t ively fine bundles of fibres. I t 
passes round the rectum and joins the rectal ganglion 
vfaich i s present on the dorsal side of the rectum. 
Structure of the ganglion calls' ' 
The structure and size of various ganglion ce l l s 
vary in different regions. Some are unipolar and some are 
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"bipolar, median sized or l a rge c e l l s . In 19O8 G-oldschmidt 
made an extensive study of ganglion c e l l s in Ascaris . He 
observed tha t the ganglion ce l l i s typ ica l ly divided in 
three zones. This condition also appears to he t rue in 
the present worm. The outer zone \(*iich borders the c e l l s 
i s ra ther a coarse and a lveolar s t ruc ture . The middle 
layer i s in d i rec t contact vdth the nerve processes and 
also small a lveo l i , JPinally the innermost l ayer viiich 
l i e s immediately round the nucleus i s dense in na tu re . 
In different ganglia these c e l l s undergo modification. 
A l a rge ce l l viihich i s pecul ia r in having a f a i r l y good 
quant i ty of g l i a substance surrounding the ac tual ce l l i s 
present in the dorsal ganglion (P ig . 4 l ) . The g l ia f i b r i l s 
enter the ganglion c e l l s in such a manner as to give i t 
the appearance of being made up of rad ia t ing s tn i c tu re s . 
Innervation of muscle si 
Schneider ( i860) , a f t e r extensive s tudies expressed 
h i s opinion tha t in nematodes the muscle ' seeic the nerves* 
viiile in other groups of animal nerves go to muscles. 
Apathy ( 1894) believed the innervation processes , as 
' i n t e r i s t i t i a l muscle*. He also observed in i t c en t r a l l y 
located n e u r o f i b r i l l a r s t ruc ture . This made him to conclude 
tha t median somatic nerves give r i s e to n e u r o f i b r i l l a r ne t 
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work. These proceed t h r o u ^ the innervat ion processes 
and supply to the muscle c e l l s . At t h i s point i t turns 
iDack the same way and re tu rns to the nerve of i t s o r ig in . 
Goldschmidt (1910) was of the view tha t neu ro f ib r i l i s in 
d i rec t contact with the centra l f i e ld of each innervat ion 
process. 
A proper and f ina l word regarding the contact of 
neu ro f ib r i l s with the f i b r i l l a r net-work in the sarcoplagm 
i s s t i l l awaited as the workers d i f fer i n t h i s respec t . 
But there i s no doubt tha t the innervat ion processes a re 
in d i rec t contact m t h the sarcoplasmic por t ions of the 
muscle c e l l s and there i s no • differgace of opinion regarding 
the presence of f i b r i l l a r net-work in the sarcoplasm. 
Receptor organs 
1. Amphi ds 
2. Caudal pap i l l ae 
3. Phasmids 
Amphi da: 
The amphids or the so-cal led l a t e r a l organs are a 
pa i r of special sense organs. 13aey l i e l a t e r a l l y and 
believed to function as chemoreceptors (5i.g. 42) . When 
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the s t ruc ture and function of the amphids were not estab-
l i shed , the ea r l i e r v/orke3?s erroneously mistook them for 
pap i l l a e . The amphidial glands open as c i r cu la r openings. 
The amphidial ganglia give r i s e to amphidial nerves and 
extend anteriorly'- in the amphids vtoere these end in the 
form of a c lus te r of nerve f ib res . 
The d i la ted por t ion of the gland i s knovzn as iiie 
amphidial pouch and i s present pos te r io r to the nerve-r ing 
in the dorsal pa r t of each l a t e r a l chord. The nucleu.s of 
the amphidial gland i s loca ted a t t h i s region. The amphidial 
gland open to the exterioi* througih t h e i r ducts to the amphi-
dial pore. 
Caudal papillae? 
In the present worm there are in a l l 11 p a i r s of 
caudal pap i l l ae , present in the case of males only. The 
pap i l l ae i s l i k e a pointed knob which pro jec t s outwards. 
Each pap i l l a i s provided with a minute pore vfoich u l t ima te ly 
leads into a canal having a supporting c e l l . The l a t e r a l 
nerves innervate these pap i l l ae and run in the sub-cuticula 
very close to the inner side of the canal terminating in a 
knob-l ike s t ruc ture . Probably, these control the discharge 
of the sperms. The lumbar ganglion innervates the sucker and 
the caudal a l ae . 
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PhasPi ids i 
l i k e iiiose of the amphids» the phasmids a re also 
placed on the l a t e r a l s ides out in the region of the t a i l . 
They resem'ble the amphids in s t ruc ture and t h e i r external 
manifestation i s l i k e pore. Each of the phasmid i s a lso 
provided with a u n i c e l l u l a r ^ a n d known as 'phasmidial ^and* 
A short duct passes a n t e r i o r l y t h r o u ^ the c u t i c l e from 
each pore, running a n t e r i o r l y to open in to the gland of i t s 
s ide. The l a t e r a l nerves terminate in the phasmids and 
thus innervate them (Fig . 40) . 
applanation of f igures 
51g. 32. T. S. passing through ttie nerve ring and 
l a t e r a l ganglion. 
Pig. 33. Reconstruction of the dorsal ganglion. 
Fig. 34. T. S. passing through the dorsal ganglion. 
l i g . 35. T. S. passing through the pos t -vent ra l 
ganglion. 
l i g . 36. Reconstruction of the l a t e r a l ganglion. 
l i g . 37. Reconstruction of the ventral ganglion. 
K-g. 38. T. S. passing through the ventra l ganglion. 
Pig. 59. T.S. passing through the ana l , r ec t a l and 
lumhar gangl ia / 
Mg. 40. T. S. passing through the phasmid and 
phasmidial glands. 
i l g . 41 . T. S. through the ganglion c e l l s . 








Female r e p r o d u c t i v e system 
Female r ep roduc t i ve system i n H e t e r a k i s /3:allinarum, 
comprised of vu lva , o v i j e c t o r , vag ina , two u t e r i , two 
o v i d u c t s and two o v a r i e s . The vu lva i s s i t u a t e d a t aT3out 
the middle of the body a t a d i s t a n c e of ahout 5.90 mm. I t i s 
more or l e s s a rounded a p e r t u r e , s i t u a t e d on s l i | ^ t e l e v a t i o n 
( F i g . 4 3 ) . I t l e a d s i n t o an a n t e r i o r l y d i r e c t e d o v i j e c t o r . 
I t i s the s p e c i a l i z e d r eg ion of the gonoduct with communicates 
with the U-shaped vag ina . The vag ina i s d i r e c t e d a n t e r i o r l y 
fo r a consideralole d i s t a n c e and t u r n s aga in t i l l i t meerts 
t he two u t e r i ( F i g . 4 6 ) , The u t e r i a r e t h i n - v a l l e d , and 
occupy a l a r g e p a r t of t h e "body space "both i n the a n t e r i o r 
and p o s t e r i o r r e g i o n . At the l e v e l of t he vu lva t h e a n t e r i o r 
u t e r u s j o i n s p o s t e r i o r ovary through the p o s t e r i o r o v i d u c t . 
S i m i l a r l y the p o s t e r i o r u t e r u s j o i n s the a n t e r i o r ovary v i a 
a n t e r i o r ov iduc t . The a n t e r i o r ov iduc t i s s h o r t e r than i t s 
p o s t e r i o r c o u n t e r p a r t . The a n t e r i o r ovary dur ing i t s course 
towards t h e a n t e r i o r r eg ion shows i t s c h a r a c t e r i s t i c l o o p i n g 
and c o i l i n g arrangement . S i m i l a r l y the p o s t e r i o r ovary i s 
a l s o c h a r a c t e r i z e d by i t s looping arrangement b u t i t s 
diameter dec reases c o n s i d e r a b l y dur ing I t s cour se . The 
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ava i lab le space of -the "body cavi ty i s almost occupied by 
var ious p a r t s of the geni ta l system. 
Ovary 
Both an te r io r and pos t e r io r ovaries are character ized 
by t h e i r looping arrangement. According to Baker (1936) 
the ovaries are composed of thin and somevAiat f l a t t ened c e l l s 
but iiie author fee l s tha t each ovary i s composed of an 
ep i the l i a l layer anfi a germinal chord and i s c h a r a c t e r i s t i -
ca l ly looped. The t ip of the ovary i s covered by a small 
ce l l known as the *cap c e l l ' (F ig . 52). Baker (1936) used 
the term *ovary t ip* to include a l l of the more or l e s s 
s t r a i ^ t e n e d and narrower d i s t a l terminations of the ovar ies . 
He did not give any account of the cap c e l l . Nature of the 
cap ce l l i s open to question. Many e a r l i e r workers did not 
bel ieve in i t s presence a s a separate existence as they 
presumed i t to be an ordinary ep i the l i a l ce l l of the ovarial 
terminus. Chitwood (1929) a lso described t h i s ce l l a s a 
p a r t of the ovarial epithelium. Musso (1930), on the other 
hsmd gave a completely d i f ferent view. He considered cap 
ce l l as in d i f fe ren t ia ted germinal stem c e l l . He observed 
tha t both the ep i the l i a l and the germinal c e l l s equally 
a r i s e from t h i s germinal stem c e l l . Therefore, i t i s regarded 
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as a purely ep i the l i a l s t ruc ture viiich has nothing to do 
with the germ chord. 
In Telogonic forms such as Heterakis igiallinarun, each 
ovary i s d iv i s ib l e and consis t of two d i s t i n c t zones. 
The germinal zone i s located a t the terminal end of 
the ovary which i s also knovm as 'Keimzone". This zone i s 
followed hy a growth zone or "Wachtenzone". 
Germinal zone*. This zone s t a r t s from -ftie ovary t ip and runs 
in a pos t e r io r direct ion for a short distance t i l l i t meets 
the growlii zone ( J i g . 47). The ovary remains c h a r a c t e r i s t i -
ca l ly looped. AlDOut ha l f iiie length of the ovary i s occupied 
"by the germinal zone. The germinal zone i s an area of rapid 
division of r e l a t i v e l y small germ c e l l s . The author confirms 
the observa-tions of Baker (1936) -viio reported tha t the c e l l s 
of the extreme t ip of the ovary a re spherical in shape Ixit 
tend to become f la t tened due to the pressure caused by the 
increas ing number of the c e l l s . The ce l l boundaries a re 
v i s i b l e to a considerable extent though the ce l l border are 
d i f f i cu l t to dist inguish a t the germinal end of the zones, 
but well d i s t i n c t ce l l walls a re present . Hence the region 
i s de f in i t e ly c e l l u l a r and not syncytial though in some 
other ins tances , i t has e a r l i e r been reported. I t i s covered 
by very thin ep i the l i a l l aye r . 
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Growth zone' The germinal zone continues in to the growth 
zone towards i t s proximal end and then runs a n t e r i o r l y . 
This i s the region vjhere the mitot ic a c t i v i t y takes place 
and the gametogonia grow and increase in s ize and differen-
t i a t e ( i l g . 53). The growing c e l l s of t h i s region are 
covered hy the pe r i t on ia l layer and they occupy the en t i re 
cavity. The oogonia a re closely packed and they a re conical 
in shape. Being a telogonic nematode, Heterakis gallinairim, 
has a ' rachis* viiich i s a cha rac t e r i s t i c feature of t h i s 
group of nematodes. The fused ends of the oogonia appear 
l i k e the spoke of a wheel, fastened by t h e i r fused ends or 
• r a c h i s ' . The wall of each of these c e l l s i s in the form of 
a thin memTorane having a granular content. There i s a l a rge 
nucleus with a prominent deeply s ta in ing nucleolus in each 
c e l l . The nucleolus i s spherical in shape. The ep i the l i a l 
layer of t h i s zone i s much thicker than tha t of the germinal 
zone of the ovary. 
Oviduct 
The projcimal end of each ovary opens in to the oviduct 
(Pig . 48) . The an te r io r ovary opens in to the an te r io r 
oviduct and jo ins the pos te r ior u t e rus , viiile the pos te r io r 
ovary opens in to the pos te r io r oviduct and jo ins the an te r io r 
u te rus . The oviducts a re in the form of short and narrow 
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tabes. Vogel (1925) was of the opinion tha t oviducts should 
be regarded as an egg former and possibly a shell gland, "but 
l a t e r workers did not confirm t h i s idea . The muscular and 
ep i the l i a l l aye r s of the oviduct increase in thickness and 
enlarge a t i t s proximal end. The author do not agree with 
Baker (1936) tha t the oviducts are capable of s l i gh t contrac-
tion but bel ieves tha t the project ions of the ep i t he l i a l 
c e l l s help in the fori.'jard movement of the eggs. Rauther 
(1918) described a muscular sphincter a t the ovary-oviduct 
junction in Macraci s but no such s t ruc ture was observed in 
Heteraki s gallinarum. 
Uterus 
The u te rus i s the most complicated p a r t of the 
en t i re female reproductive system as two u t e r i ( a n t e r i o r & 
poster ior) occupy most of the ava i lab le space in the body 
cavity on e i ther side of the vulva. The an te r io r oviduct 
opens in to the pos te r io r u te rus and the pos t e r io r oviduct 
opens in to the an t e r io r u t e rus . The u t e m s i s in the form 
of a wide sac which contains a l a rge number of developing 
eggs (Pig . 45) . According to Baker (1936) the u t e r i a re 
very thin walled but the present author believed i t to be 
comprised of a single l aye r of ep i the l i a l c e l l s with d i s t i n c t 
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and fa i r ly large nuclei. Ihere i s a considerable difference 
"between iiie wall of the uterus and the genital tube. I t 
consist of two layers, the external membranous layer of 
contracti le cel ls and an inner layer of low epithelial ce l l s . 
The ce l l s of inner epithelial layer are spiral ly arranged. 
The eggs are carried by "the p e r i s t a l t i c contraction waves 
passing along the inner spiral ly arranged epithel ial c e l l s . 
There i s no muscle supply throughout the length of the uterus , 
although Cobb (1923) as well as other authors have described 
i t in certain nematodes. The present author confirms the 
presence of a fluid within the uterus vdiich i s precipitated 
by the fixative. This could be observed in sectioned materials 
in the form of a gelatinous mass. I t helps in the movement of 
the eggs. According to Magath (1919), th is fluid i s supposed 
to provide nourishment for the growing eggs. Heterakis 
gallinarum i s oviperous and hence the u ter i are full of eggs. 
The uterus functions as a passage and also as a storage place. 
Unal ly the uter i opens into the vagina. 
Vagina 
The uter i communicate with the ovijector th rou^ a 
muscular tube knovjn as vagina ( J ig . 50). I t i s divisible 
into two portions the vagina uterina and the vagina vera. 
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Vagina u te r ina : I t i s in Hie fom of an elongated tube which 
extends pos t e r io r ly and i s again re l lexed towards the axiterior 
before connecting witli the amphidelphic u t e i l . The present 
autlior confirms the presence of a semi-fluid as e a r l i e r 
reported by Baker (1936). Eggs and spermatozoa were also 
obser^/ed in t h i s region but the i r number i s far smaller than 
those present in two u t e r i . The v;all of the vagina u te r ina 
i s comprised of two d i s t i n c t layers» an outer muscular l aye r 
consis t ing of c i rcu la r muscle f ib res and an inner ep i t he l i a l 
l ayer vAiich i s continuous with tha t of the u t e ru s and i s of 
the same general type but forms a layer of several c e l l s in 
thickness. This causes the vagina to have a d i s t i n c t l y laminated 
appearance. 
Vagina vera: The terminal port ion of the vagina i s known 
as the vagina vera. I t i s in the fonn of a short tube. 
Regardless of degree of development, the vagina i s l i ned with 
a d i s t i nc t , well developed cu t icu lar l ayer continous with the 
external cu t ic le of the body. 
Ovi .lector 
The terminal muscular port ion of the geni ta l tube 
opens in to the ovi jector through vagina vera and i s known a s 
ovi jec tor ( ? i g . 5 l ) . This ac t s as the e jector of the eT.s, 
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In addit ion to ordinary muscles there i s l a r g e "sphincter 
muscle" near the vulva opening in the form of c i r cu l a r 
muscles. They probaloly a lso function during the ac t of 
copulation. I t i s not c lear whether or not tliey control 
any movement of the vulvar l i p s . The ovi jector i s l i ned 
throughout except for a short distance a t e i the r ends, vath 
two l aye r s of c e l l u l a r mate r ia l . Ihe shape of the c e l l s i s 
unique "being more or l e s s rounded in cross-sect ion and 
spindle shaped longi tud ina l ly . Due to the appearance of 
more c e l l s a t the inner end of the ovi jec tor the rows iDecome 
i r r egu l a r and not well marked. 
The ovi jector extends a n t e r i o r l y towards the vulva 
and suddenly makes a very sharp turn wj.thin the ven t ra l p a r t 
of the body-cavity, l o se s i t s musculature and passes poste-
r i o r l y to open near the l e f t of the median l i n e . 
The ves t ibu le and the vulva: 
At the junction of the ovi jector with the vulva, a 
very in t e r e s t i ng cu t i cu la r s t ruc ture i s present , vfaich from 
i t s posi t ion and s t ruc tu re i s considered as va lve , opening 
by i t s own e l a s t i c i t y and closed by the action of the 
sphincter. There i s fur ther p o s s i b i l i t y tha t they serve in 
some way during the ac t of copulation, e.g. in holding the 
93 -
spiculum. I t i s not ce r ta in viiether t h i s valve i s of 
general occurrence among p a r a s i t i c nematodes or e x i s t s i n 
the present worm only. 
The vesti lsule, l i k e the ovi jec tor i s a lso ectodermal 
in origin and i s in the form of a short t u t e of very l i t t l e 
diameter and vai l allow the passage of only one egg a t a 
time. 
The vulva i s in the form of a t ransverse s l i t s i tua ted 
on the ven t ra l ^ d e of the "body wall a t a distance of 5.90 mm 
from the an te r io r end. "Ehe "body wall shows d i s t i n c t 
e levat ions to form l i p - l i k e regions on e i the r side of the 
vulva. The opening i s in the form of a "bulging which 
d i s t i n c t l y protrudes outside the body to the l e f t of the 
ven t ra l median l i n e . 
Bxplanation of fiig:ures 
i"\Lg. 43. T. S. passing ttirough vulva, vulvar muscles and 
vulvar ganglion. 
i i g . 44. T. S. passing through 1iie vagina vera and sphincter 
muscle s. 
Mg. 45. T. S. passing through the middle region of the 
"body shovdng ovary, oviduct and seminal reservoir 
and u t e r u s . 
'Slg. 46. Diagrammatic reconstruct ion of the female 
reproductive system. 
Pig. 47. T.S. passing through the germinal zone of the 
ovary. 
Eig. 48. T.S. passing through the oviduct. 
Pig. 49. T.S. passing through the seminal rese rvo i r . 
Pig. 50. T.S. passing through vagina-uter ina. 
Fig, 5 l . L.S. of vagina vera. 
Pig. 52. T.S. passing through the germinal zone of the 
ovary showing the cap c e l l . 
Pig. 55. T.S. passing through the growth zone of the 
ovary. 
FIG 4ft FIG 49 
FIG 5 FIG 52 FIG 53 
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Male reproductive system 
"Hie male reproductive system i s more or l e s s in the 
form of a tu'be. I t begins with a single t e s t i s , hence the 
worm i s monorchic, viiich i s i r r egu l a r and i s present in the 
an te r io r region of the "body. I t continues a f t e r a sharp 
cons t r ic t ion in to a small and "broad seminal r e se rvo i r . The 
l a t t e r narrows towards i t s d i s t a l end and i s known as the 
vas deferens. Vas deferens followes in to the ejaculatory 
duct. An ejaculatory valve i s a lso present ins ide the duct. 
The region \Aiich l i e s a n t e r i o r l y to the ejaculatory valve i s 
termed as ejaculatory v e s i c l e . Two accessory glands a re 
s i tua ted (Fig. 57) on e i the r side of the proximal end of the 
ejaculatory duct, a t the point vAiere i t enters the cloaca. 
These are in the form of small glands. The caudal a l ae , 
spicule , and sucker a re present in the pos te r io r p a r t of the 
body vfcich are considered to be helpful in the ac t of copula-
t ion . 
Tes t i s 
The single t e s t i s (K.g. 57) of the male i s present in 
the an te r io r region of the body and proceeds p o s t e r i o r l y 
p a r a l l e l to the oesophagus upto the an t e r io r enlargement of 
the i n t e s t i n e . I t i s more or l e s s in the form of a tube v^ich 
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diows several bends and loops during i t s course. The c e l l s 
of -the t e s t i s are very much f la t tened and have a r a the r heavy-
outer "basal merahrane. Like fhe ovary i t i s a l so d iv i s ib l e 
in to two regions, an an te r io r gei*minal zone followed by a 
growth zone. 
Germinal zone« The very an t e r io r end of the t e s t i s , which 
ends b l ind ly i s known as Ihe germinal zone (F ig . 68) . I t i s 
in the form of a tube composed of s ingle layer of e p i t h e l i a l 
c e l l s . Proximally the number of c e l l s increase in t h i s zone 
t i l l there are many c e l l s in one cross-sec t ion . Unlike, the 
germ c e l l s of the ovary vtoich divide r a d i a l l y r e s u l t i n g in 
the foimation of only one layer of c e l l s enci rc l ing the ovarian 
tube, the germ cells'^of the male divide in more tlian one plane 
r e su l t i ng in the formation of more than one layer within the 
t e s t i c u l a r tube. The primary germ c e l l s are spherical in 
out l ine with a d i s t i n c t nucleus in ihe centre . The germ c e l l s 
are compactly packed in i t . There i s no l i n e of demarcation 
between the various l aye r s as a l l the ava i lab le space i o 
occupied by these c e l l s . Proximally the tube i s continuous 
with the growth zone of the t e s t i s . 
Growth zone? As has a l ready been described, the grov;th zone 
i s continuous witli the prec^eding germinal zone of the t e s t i s 
and there i s no d i s t i n c t stmicture to separate or divide t h i s 
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p a r t from -the preceding germinal zone (Pig . 69). As a matter 
of fact the l a t t e r passes ra the r inconspicously in to i t . The 
covering ep i the l i a l l ayer of t h i s region i s also continuous 
vdth tha t of the germinal zone. However, t h i s l aye r i s 
comparatively s l i gh t ly thicker he re . All the ava i l ab le space 
i s occupied by la rge mature c e l l s ready to undergo divis ion. 
The c e l l s contain a big sphei lcal nucleus in the cent re , vath 
a d i s t i n c t nucleolus. The c e l l s become elongated and develop 
in to spindle-shaped spermatozoa a f t e r the division i s over. 
The spermatogonia are a t tached to a r ach i s . The s t ruc ture i s 
apparently a process from the cap-cel l or terminal ep i t he l i a l 
c e l l s of the t e s t i s s imilar to tha t of the ovary. This d i s t a l 
region of the t e s t i s i s covered v/ith an epithelium continuous 
vdth tha t of -the seminal rese rvo i r . The character of the 
ep i t he l i a l layer changes a s we proceed from the proximal to 
the d i s t a l end of the t e s t i s , consis t ing of f l a t c e l l s in the 
beginning and changing in to a l aye r of high columner c e l l s 
near i t s end. 
Seminal r e se rvo i r 
The seminal rese rv ior i s a b i t modified sac- l ike 
enlarged portion of the system ( ? i g . 56). Here the t e s t i s 
discharge i t s contents. Sometimes, i t has also been refer red 
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to , a s an organ for iiie storage of the sperms* before 
copulation has taken p lace . The c e l l s here are free from 
rach i s . The v-alls of t h i s region a re in d i rec t continuation 
m t h those of tlie t e s t i s and as a matter of fac t , the seminal 
v e s i c l e i s i t s e l f a d i l a ted port ion of the male gonoduct 
serving as a temporary store-house for maturing sperms passed 
out "by the t e s t i s . As normally "believed, the function of 
the seminal reservoi r i s not to s tore the spermatozoa but to 
pass them on to vas deferens though i t ce r t a in ly a c t s a s a 
temporary storehouse for maturing sperms. The s ize of t h i s 
region i s determined chief ly "by the amount of germinal 
products present in i t . The wall of the an t e r i o r region i s 
provided vdth simple squamous c e l l s while c e l l s of the 
pos te r io r pa r t a re vacuolated. The extended processes of 
the ep i the l i a l c e l l s l a t e r become thickened in to the lumen 
of the seminal rese rvo i r . Probably these pro jec t ions help 
in pushing and carrying the sperms downwards. 
The nature of spermatozoa has been a matter of contro-
versy as opinions d i f fer . These products are considered by 
most of the v/orkers as immature and a t t a i n maturi ty un less 
these remain for sometime in the u t e rus of the female. 
Looss (1905), hov/ever, speaks of mature spermatozoa in t h i s 
region of the system in Ancvlostoma duadenale. The present 
author agrees with the su/^est ion of Looss, a s fu l ly developed 
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and mature spermatozoa were olDserved in Heterakis ^ l l i n a r u m 
\*Lile s t i l l within the "body of male. These were found to "be 
non- f l age l l a te in form and almost sut-oval in shape. These 
apparently have, the i r blunt heads point ing a n t e r i o r l y and 
a pointed pos te r ior end. Ectoplasm i s thin and cytoplasm i s 
vacuolated having a d i s t i n c t c en t r a l l y placed nucleus (S ig . 58 
& 59). . 
Vas deferens 
The seminal rese rvo i r continues towards i t s d i s t a l end 
forming a narrow tube known as the vas deferens (F ig . 54, 65, 
66 & 67). Two unequal ejacuolatory glands are also present 
a t t h i s region. I t i s considered to be an important p a r t of 
the sperm duct. 
The author agrees with BsQcer (1936) tha t vas deferens 
consis t of a sin{^e layer of c e l l s . In majority of nematodes 
the vas deferens has a r a the r high simple cuboidal to columnar 
epithelium. The c e l l s a re glandular due to the presence of 
secretory mass in the e p i t h e l i a l c e l l s l i n i n g the duct 
(KLg. 65). In the case of Heterakis gallinarum, the epiiihelium 
too, seems to ind ica te a glandular function. Ha i r - l i ke 
processes were not observed in the present case, thour^ Cobb 
(1923) and Rau-ther (1909) had e a r l i e r reported such a s t ruc ture 
in some nematodes. 
_ o,< 
E.laculatory duct 
The vas deferens i s followed "by a duct viiich i s known 
as the ejaculatory dact and i s the terminal port ion of the 
male gonoduct. At i t s an t e r io r end, immediately following 
the vas deferens, i t i s qui te narrow but a t t a i n s maximum 
width a f t e r a ^ o r t dis tance. I t then gradually t apers down 
a t i t s pos te r io r extremity, and jo in s the ejaculatory v e s i c l e . 
The wall of the ejaculatorjr duct i s l i ned by a l aye r of thick 
and high ep i the l i a l c e l l s (li ig. 55) . The junction of the 
ejaculatory duct with the e jacula tory v e s i c l e i s guarded "by 
a well developed valve. 
Ejaculatory v e s i c l e 
The pos te r ior region of the e jaculatory duct i s 
termed as the ejaculatory v e s i c l e . I t i s composed of two 
l aye r s , the outer c i r cu l a r musculature containing a few 
nuc le i , and pro jec t a l i t t l e on e i t he r side of the v e s i c l e . 
The muscle l ayer i s thin and probably a c t s a s a muscle to 
produce p e r i s t a l t i c motion, and functions in the removal of 
the spermatic f luid from the male generat ive organs. The 
inner l ayer i s composed of t a l l columnar e p i t h e l i a l c e l l s . 
I t i s suggested by some authors tha t they secrete some g e l a t i -
nous substance a t the time vfcen copulation takes p lace vAiich 
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accompanies the sperm in to tlie u te rus of the female. I t 
i s not knovm. \diether t h i s f lu id i s n u t r i t i v e or merely a 
mechanical c a r r i e r for the sperms. Some f lu id medium was 
necessary for conveying the male c e l l s in to the female and 
i t seems most log ica l to bel ieve tha t t h i s organ may secrete 
such a f lu id . The author agrees with llagath (1919) viio 
re jec ted the s u ^ e s t i o n of Looss (1905) 1iiat i i i is organ 
secretes a cement vAiich he lps to s t ick the male vdth the 
female during copulation. 
The accessory glands of the e.iaculatory duct: Perhaps there 
i s no point a s controversial in the en t i r e nemic morphology 
than the significance and function of the so-cal led accessarjr 
^^lands of the ejaculatory duct. They a re prohahly of common 
occurrence among p a r a s i t i c nematodes "but have "been overlooked 
in some cases by many workers. The author agrees with Baker 
( 1956) vAio assumed, on purely theore t i ca l grounds, tha t the 
glands secrete a f lu id viiich a c t i v a t e s the speim c e l l s vAien 
these leave the gonoduct of the male. These discharge in to 
the ejaculatory duct a t a point v e n t r a l , and s l i g h t l y an t e r i o r , 
to the two l a t e r e - v e n t r a l r ec t a l glands of the male. 
In view of the observations i t i s very d i f f i c u l t to 
ascr ibe any def in i te function to these glands. Their c lose 
associa t ion vdth the siohincter muscles would, on the other 
hand suggest that they mi^'Jit be a component p a r t of the 
sphincter i t s e l f . 
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Spicules 
In case of I le terakis gallina.ram, there a re tvfo' 
unequal and diss imilar spicules . Each spicule i s covered 
by a sc le ro t ized cu t i c l e containing a centra l protoplasmic 
core. I t was olaserved -that i t s cu t i cu la r covering i s 
continuous vrith the cu t icu la r l i n i n g of the spicular pouch. 
Usually the l e f t spicule i s l a rge r than the r i gh t hut in 
Heteratcis gallinarum the converse i s the case. Here i t 
was observed tha t the r igh t spicule , i s the l a rge r of the 
two, and general ly tapers in to a f ine sharp point (K.g. 70) 
a t i t s end. The l e f t spicule (F igs . 62 & 7l) i s comparatively 
much shorter about 0,78 imn in length , heavier and often 
terminates in a massive hook. The r i g h t spicule, the 
l a rge r of the tv;o i s 1.23 mm long. I t i s almost a l a t e in 
shape and narrows ra ther suddenly, near i t s d i s t a l end to 
a sharp poin t . A longi tudinal groove i s present on i t s 
sides almost t h r o u ^ o u t i t s en t i r e length . Baker (1936) 
observed tha t the r i ^ t spicule extends for a considerable 
distance forward on the ri.^^t side of iiie body cavity. 
In cross-sect ion t h i s spicule shows the same appearance 
almost throughout i t s vAiole length . 
Balcer (1936) pointed out tha t the spicules are 
e s sen t i a l l y cu t icu la r strac-bures, but a l l the l aye r s of the 
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body-v/all are not represented he re . I t appears tha t 
spicules consis t of tv/o d i s t i nc t cu t icu la r l a y e r s . The 
inner l ayer i s f i l l e d with a granular mass having dark 
s ta ining property (Fig . 67, 73). This granular mass was 
termed as "granular pulp" hy Magath (1919). Both the 
spicules are separately enclosed in a muscular ' s p i cu l a r 
sheath ' . I t cons i s t s of r e t r a c t o r muscles and the exertor 
muscles. The muscles of t h i s sheath a re responsihle for 
the movement of the spicules during copulation. 
The r e t r a c t o r muscles of the spicule? These muscles a re 
connected with the spicule from the a n t e r i o r side "but the 
exertor muscles take t h e i r pos i t ion s l i g h t l y towards the 
sides of these regions. I t was observed tha t the general 
arrangement of -the muscles remain the same \d.th both the 
spicules . 
S ta r t ing from the head of the spicule (P ig . 63) 
the r e t r a c t o r s run an t e r i o r ly . I t has a cen t r a l ly placed 
granular core consis t ing of a s ingle hollow muscle but 
t h i s s t ruc ture i s present for a very short dis tance. 
Immediately a f t e r , the sin'jLe tube- l ike muscles show a 
tendency to divide througbout i t s en t i re length , forming 
two separate tube- l ike s t ruc tures but s t r u c t u r a l l y they are 
similar (Fig. 60, 6 l ) , 
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The r e t r a c t o r muscles associated vri-th the l e f t 
spiculum (Pig. 6l) a re more or l e s s s imilar to those 
oTD-tained in the case of r i ^ t spiculum having almost, the 
similar arrangements. These muscles run towards the 
an te r io r end in a s ingle strand of mater ia l which i s 
f i na l ly inse r ted on the vent ra l side of l e f t l a t e r a l 
chord a t a place vAiere the centra l valve makes i t s appear-
ance in the ejaculatory duct. Both the r e t r a c t o r muscles 
of the r igh t and l e f t spiculum are i n se r t ed in the l a t e r a l 
chords and they have never "been ohserved in se r t ed ahove 
the l a t e r a l chords. 
The exertor muscles of the spicule? The exertor muscles 
almost cover the vAiole of the spicule from a l l i t s s ides . 
The arrangement remains the same for both the sp icules . 
The muscles vAiich a re present around the spicules a re 
known as the "spicular sheath". The sarcoplasmic elements 
were also observed but they are present outs ide the f i b r i l l a r 
por t ion. Looss (1905) and Magath (1919) a lso observed 
similar type of muscular elements. 
There i s no sign of attachment of any kind along 
the i r course except a t the ends. They remain f ree , enclosing 
the spicule and l i e on e i iher side of the body cavi ty . 
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Unlike those of the r e t r a c t o r muscles, the exer tors 
of the spicule are i n se r t ed on the inner ven t ra l wall of 
the "body a f t e r a short distance pos te r io r to the anal 
opening. 
The spicular canal? The spicular canal a r i s e s from the 
cloaca from i t s dorsal side and luns for a short dis tance 
from the anal opening and i s l i n e d with c u t i c l e (F ig . 64) . 
At the time of copulation, Uie spicules emerge from t h i s 
canal. In the Toeginning the canal was observed to "be s ingle 
"but a f t e r a short dis tance i t "becomes pai red . In the case 
of Heterakis gallinarum, the spicular canal i s l i ned with 
f ine cut icula and the t ransverse markings \Aiich a re present 
in the body wall a re a lso very prominent. 
The spicular canal' runs forward carrying the two 
spicules , the short spiculum i s placed dorsa l ly to the 
long spiculum. Anter ior ly , the spicular canal a lso divide 
a t a place where iiie tv;o spicules are separated to occupy 
t h e i r respect ive place on the two sides of the body cavi ty . 
liJxplanation of f igures 
K-g. 54. T. S. passing iiirough iiie vas deferens. 
Fig. 55. T. S. passing iiirough -the e jacula tory duct, 
K-g. 56. 1. S. passing Iiirough -the seminal r e se rvo i r . 
Eig. 57. Diagrammatic reconstiniction of iiie male 
reproductiTe system. 
Fig. 58. L.S. spermatozoa. 
Pig. 59. T. S. spermatozoa, 
H g , 60-65 Deta i ls of the heads and muscular attachment 
of "the spicula. 
I l g , 60 & 62 Short spiculum. 
Hg , 61 & 63 Long spiculum 
Big, 64- T. S. passing through the •; accessory glands and 
spicules . 
Big. 66 1.3. passing through the vas deferens and sp icu les . 
KLg. 67. T. S. passing ttirbugh the vas deferens and r e c t a l gland. 

Explanation of fip;ures 
K-g. 68. T. S. passing ' through the germinal zone of 
t e s t i s . 
Mg. 69. T. S. passing through the growth zone of tlie 
te s t i s. 
K-g. 70. Dis ta l t i p of r i g h t (long) spiculum. 
Pig. 71. Dis ta l t i p of r i g h t (shor t ) spiculum. 
K-g. 72. T.S. passing through the spicules , cloaca and 
sucker muscles. 
l i g . 73. T.S. passing through the cloaca and spicules . 
li-g. 74-81. Developmental stages of Heterakis gallinarum 
in "Tltro. 
J i g . 75. Morula stage of emhryo. 
li.g. 80 & 81. Vermiform embryo ins ide iiie egg she l l . 
FIG 78 FIG.79 FIG.ftO 
FIG&I 
P A R T - B 
B I 0 L 0 G r 
105 
LIPS CYCLE 
Life cycle s tudies of Hetersukis gallinarum, has 
been, i n -tiie past» a subject of extensive inves t iga t ion 
due to conf l ic t ing views. Different opinions have been 
eacpressed on i t s embryonic and post-embryonic development. 
Generally iiie l i f e cycle was bel ieved to be d i r ec t , but 
l a t e r f indings revealed tha t i t may be i n d i r e c t a lso 
involving intermediate hos t s l i k e gross hoppers and 
earthworms e t c . 
Development outside the hos t i s g rea t ly influenced 
by the ©avironment and one of the outstanding functions 
-that deteimine the p o s s i b i l i t y and r a t e of development to 
ttie in fec t ive stage i s temperature. Heavy growQi of 
bac te r ia and fungi a lso seem to i n t e r f e r e with the develop-
ment, r e t a rd ing i t and causing many of the eggs to 
d i s i n t i g r a t e . Bir ther , there are ce r t a in chemicals which 
have profound effect on the process of embryonation and 
enhance favourable development of the eggs to the in fec t ive 
stage. 
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The s tudies reported herein were taken up on the 
follovdng l i n e s . 
1. aabryonic development in v i t r o . 
2. Migratory course of the juveni les in v ivo, 
3. Tissue response. 
4 . I n d i r e c t l i f e cycle . 
5. Incidence of i n fe s t a t ion and seasonal abundance. 
Embryonic development in v i t r o . 
Heterakis ^ l l ina run i ova undergoes no development 
in -aie caeca of the hos t and pass out in Uie single ce l l ed 
stage. Different cul ture media were used for the incubation 
of ova and observations on the development a t v a r i a b l e 
temperatures from 21 to 40°C were made. The r e s u l t s obtained 
are as follows. 
F i r s t division of the s ingle ce l l ed stage in normal 
o 
sal ine maintained a t 21 C took place a f t e r 24 hours . Ifciring 
the f i r s t stage of the cleavage egg appeared exceedingly 
granular and the nuclei of the two r e s u l t i n g blastomeres 
were per iphera l ly loca ted . In most of the cases the 
r e su l t i ng blastomeres divided simultaneously. I t was 
quickly followed by fur ther d iv is ions foming a morula 
(P ig . 75) in 5 days. 131.6 a c t i v i t y continued for seven days 
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and in the meantime a depression formed iDetweeri -the two 
types of "blastomeres. 'Scie ova grew terminal ly transforming 
i t in to a vermiform embryo ( i i g s . 74 to 81). Although the 
viiole process was completed in 15 days but i t got re ta rded 
sometime due to the growth of the fUngas. At temperatures 
o o 
from 23 C to 27 G no s igni f icant change in the development 
was apparent, tout a t 30 C the r a t e hastened qui te s i g n i f i -
cant ly and f i r s t divis ion took place within 23 hours and 
the viiole process was completed in 13 days with an average 
yield of 2^% of v iab le eggs. Above t h i s 2?ange of tempera-
ture development proceeded rap id ly with f i r s t divis ion taking 
place within 20 hours; morula stage reached in 3 days and 
complete development obtained in 11 days. Tlie development 
completely stopped a t 40 C. 
. o 
In media with 1% formalin maintained a t 21 C f i r s t 
division occurred in 24 hours , morula stage was produced 
o 
in 4 days and development completed in 17 days. At 30 C 
f i r s t division of the s ingle ce l led stage took place in 
3 days. The a c t i v i t y continued for the next f ive days. 
Then a f t e r 3 days of rapid development, -ftie embryo grew 
terminal ly with a vermiform embryo. About 37^ of eggs 
embryonated. 5he viiole sequence was completed in 13 days. 
The development proceeds rap id ly a t h igher temperatures. 
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but only few eggs embryonated and r e s t got perished. 
In d i s t i l l e d water a t 21 C the f i r s t divis ion 
occurred a f t e r 24 hours and the whole sequence was completed 
in 16 days. I t was observed tha t a speedy growth of 
fungus took place in t h i s medium and development got 
re tarded. Development a t 30 C enhanced and was completed 
in 14 days* but due to the growth of fungus y ie ld of Hie 
viable eggs was very low. 1316 development continued to 
r e t a rd a t the h i ^ e r temperatures. 
o 
Development in N i t r i c ac id was slow a t 21 C, but 
a t 30 C increased rap id ly and completed within 16 days. 
About 21% of eggs were obtained which was a b i t h i ^ e r in 
compairison to other media. Development in Potassium 
o dichromate was very slow a t 21 C and the vbole sequence 
o 
was completed in 19 days. Development a t 30 C improved a 
l i t t l e and took 17 days. The y ie ld was a l so low a s ^9% 
only. No development occurred in Hydrochloric acid* 
Sulphuric acid* ace t i c ac id , Phenol* Corrossine sublimate 
and 70^ alcohol . Some of the eggs were promptly destroyed* 
few began to develop, v^ich l a t e r s t a r t ed to ^ow degenera-
t ive change and a l l f a i l ed to a t t a i n complete development. 
Percentage of the egg vAiich embryonated in the 
media normal sa l ine , formalin and n i t r i c ac id appeared to be 
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qui te sa t i s fac tory . Uril)e (1922) was aible to maintain 
Heterakis ova in 1.5^ n i t r i c ac id for 4 monthis in viaTole 
form \^ich correspond to the present observat ions. But 
h i s approach to obtain embryonation in 10 - 15^ formalin 
was not successful, the ova soon showed degenerative 
changes. Probably t h i s was because he used f a i r l y h i ^ 
percentage of formalin. The present study revealed tha t 
1^ formalin in d i s t i l l e d water proved to be the be s t 
cul ture media because the y ie ld of embryonated ova was 
comparatively the h i ^ e s t of a l l Ihe media used. Ackert 
(1931) a lso reported successful r e s u l t s with the use of 
formalin solut ion. Lund (1958) used physiological s a l ine , 
1.5/6 n i t r i c ac id and 1$S formalin as incubation media for 
Heterakis ova. Olie media permitted 27.3/6f 25.2^ and 31.0% 
embryonation of the eggs respec t ive ly . The present obser-
va t ions come very close to iiiese f indings . 
D i s t i l l ed water and potassium dichromate v3aich provided 
promising embryonation i n i t i a l l y , but due to the inherent 
disadvantage, Ihe y ie ld of v iab le ova was found to be very 
low. 'Qie former due to the growtti of mold v^ich got the 
embryonation re tarded, and "the l a t t e r because of iiie t o u ^ 
she l l , the embryo f a i l ed to hatcdi. Uribe (1922) a l so used 
2% potassium dichromate solut ion for incubation of ova but 
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fa i led to get any v iab le eggs, "but addi t ion of few drops 
of formalin "brou^t qui te encouraging r e s u l t s . Vigdor 
(1918) reported tha t potassium dichromate offered a su i t -
able medium for ascar id egg development and other coccids. 
i t i s strange tha t Heteralcis ova incubated in t h i s solution 
fa i led to produce infec t ion; vftiereas spontaneous hatching 
of oocyst occurred in the same medium. Eggs of Heterakis 
has been found to survive for long period of time (^Alich 
indicated -feat the solution had l i t t l e d i r ec t t ox i c i t y on 
the developmental s tages . Lund e t a l . (1958) a lso reported 
sa t i s fac tory embryonation of Heterakis ova i n 2% dichromate 
solut ion, but recovery of adul t worms from chickens infected 
with -these eggs was very low. lEhe authors believed tha t the 
embryos f a i l ed to hatch because of the t o u ^ she l l . 
Optimum temperature for incubation appeared to be 
^^o 0 o 
30 C. Lower temperature l i m i t between 21 C to 40 0 presented 
slow development and eventually the embryonation period was 
prolonged. Development hastened by r a i s i n g -the temperature 
to 33 c and in fec t ive stages could be obtained within 10-12 
days. Further r i s e in the temperature was determined and a l l 
development eventually stopped a t 40 C. Uribe (1922) made 
comparable observations on Uie temperature requirements for 
the experimental incubation of the ova of Heterakis pap i l losa . 
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He observed tiiat ova a t room temperature emlDryonated 
within 9-12 days. He a lso bel ieved liiat the development 
0 ^ o 
a t room temperature (19-21 C) was as rap id a s a t 42 C. 
Clapham (1933) reported tha t the wide range of temperature, 
o ^o 
20-30 C was able to support development and 26 c proved to 
be the optimum temperature. 
Migratory course of .juveniles in vivo: 
loimg chickens fed approximately 200 embryonated ova 
(17-day old) for iiie study of developmental cycle within 
the hos t body. lEhese were sacr i f iced a t 4 hours i n t e r v a l 
and organs were examined for the developing s tages . Obser-
vat ion made from the i n i t i a l in fec t ion t i l l the recovery 
of adu l t worm are presented in (Table 1) . Hatching of -tiie 
ova took place in iiie proximal por t ion of the i n t e s t i n e i n 
2-3 hours. Wi-tiiin 4 hours juveni les were loca ted in the 
pharynx and crop regions . Second molt occurred in the 
i n t e s t i n e within 48 hours . Juven i les , i n the 3rd stage 
reached caeca wiliiin l68 hours . Ihese disappeared suddenly 
from the caeca and a f t e r a lapse of 50-60 hours , appeared 
a ^ i n in the lumen of the caeca witii the completion of -the 
t h i rd molt within 224 hours of the i n i t i a l i n fec t ion . 
During the next 23-30 hours liiese passed t h r o u ^ Hie 4th 
Table 1. Experimental in fec t ion of chickens vdth etabryo-
nated eggs of Hetersikis gallinaram and recovery 
of the j uven i l e s / adu l t s . 
No. of 
b i rd 
^ 
V Hours between y S i te of recovery 0 No. of 
\ i n i t i a l feeding 0 0 juven i l e s / 
) and autopsy Q 0 a d a l t s 
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molt and typical adu l t s were produced in 18-20 days. A 
period of 10 days was furliier needed for the desvelopmeatal 
process culminating in to mature a d u l t s . 
Quite a good number of l i t e r a t u r e i s ava i lab le on 
the l i f e cycle of Heterakis papi l losa and HeteraJcis gallinarum 
vftiich present l i t t l e va r i a t i on regarding the developmental 
processes. Ri ley and James (1921) found tha t complete 
development of the worm was a t t a ined by 24lii day. G2?aybill 
(1921) observed 1iiat ova of Heterakis p a p i l l o ^ a f t e r hatch-
ing pass by way of the small and l a rge i n t e s t i n e to -the 
caeca vftiere these undergo development to matur i ty , The 
en t i re l i f e cycle from egg to adu l t required 64 days. Uribe 
(1922) recorded in the same worm liiat a f t e r hatching in iiie 
i n t e s t i n e completed i t s furliier development in the caeca. 
In no ins tance juveni les were found in other o r ^ n s or other 
portion of the body. Adults found 56-61 days a f t e r ingest ion 
of ova represented 1iie complete duration of the l i f e cycle . 
Dorman (1928) further reported tha t juveni les were recovered 
•Qirou^o^ut the alimentary canal within 6 hours of the inges t ion 
o^ Hetferakis papi l losa ova. Migration to the caeca took place 
in 17-98 hours and i t took 56 hours to reach the adu l t s tage. 
Baker (1933) studied iiie development of Heterakis 
aallinai-um in fowls and observed tha t the vtoole sequence i s 
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completed vdthin 30 days. Clapham (1933) reported 1iiat 
a f t e r ingest ion of ova hatching took place within 6 hours . 
Ttie juveni les reached d i r ec t l y to the caeca and mature there 
in the lumen. 
Ind ica t ions regarding the occurrence of a t i s sue 
phase a re conf l ic t ing , inhere are authors \ixo claim tha t 
the juveni les daring the migratory course bore in to or 
remain c lose ly associated with -the wall of -the i n t e s t i n e 
and i t s glands. Riley and James (1921) reported iiiat a few 
of the juveni les peneterated in to the mucosa of caeca. 
G-raybill (1921) also s ta ted tha t a l t h o u ^ the juveni les 
were found only in the caeca a f t e r 3rd day, hut in three 
ins tances these were found located in the wall of the same. 
Urihe (1922) recorded tha t most of the juveni les t h r o u ^ o u t 
the f i r s t stage of t h e i r development i . e . , for the f i r s t 
f ive days were found hurr ied in ihe glands of the caecal 
mucosa. As these increased in size many showed -the an t e r i o r 
extremity inse r t ed in the mucosa, hut a f t e r the maturi ty was 
a t t a ined these were foimd free in the lumen of the caeca. 
Contrary to these ohservat ions, Baker (1933) was not 
able to observe any close associa t ion of the worm, v4xat-so-
ever, wi1ii "the glandular crypts of the mucosa. Based on the 
observations of Uribe (1922) t ha t the l a rvae had a stage of 
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of parasi t ism within th.e t i s s u e s . Clapham (1933) observed 
tha t the sect ions obtained from the caeca and terminal por t ion 
of the i n t e s t i n e had no la rvae in proximity of the vra,lls of 
these organs. 
The present study has revealed IJiat during post 
mortem examination very few juveni les were recovered from 
the i n t e s t i n e and the caeca. Purtiier, -Qie juveni les with 
•ftie completion of 168 hours were found disappeared from the 
caeca. I t i s bel ieved tha t the juveni les have not followed 
the normal course of development a s beliefved e a r l i e r , but 
a f t e r hatching entered in to a t i s s u e phase involving the 
mucosa and sub-mucosa l aye r s of 1iie i n t e s t i n e and caeca. 
These a f t e r completion of the 3rd molt move out a ^ i n to 
occupy the lumen of the caeca. A l thou^ juveni les could 
not be loca ted in the sect ions of the caeca but i t s wall 
presented degenerative changes in the superf ic ia l l in inng 
of the e p i l h e l i a l c e l l s and i t s glands (K.g. 82). Breach of 
muscularis mucosa has a lso been observed viiich showed tha t 
juveni les do enter in to these p a r t s or must have been in 
int imate associa t ion with these organs. 
Tissue response: 
Majority of the chickens to primary infec t ion with 
•this wonn presented no c l i n i c a l symptoms. The infected chicks 
•'"''K^VWjp-''^ .v^ 
Fig, H2, Caecum primary infect ion, showing degenerative 
changes in irruscularis mucosa associated v;ltti 
Heterakis gallinarum. 
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presented degenerative changes in the superf ic ia l l i n ing 
of the epitbielial c e l l s and i t s glands (F ig . 83). Breach 
of muscularis mucosa has also been observed (P ig . 5.3), 
Few of the chickens were k i l l e d a f t e r 30 days and worms in 
la rge numbers were recovered, The caeca of these chickens 
revealed no deformity l i k e invagination of "the mucosa l a y e r s , 
thickened foci , rupture of the caecal wall and formation of 
something l i k e nodules. The present author i s agains t the 
views expressed by I tagaki (1930), Baker (1931), Spena (1935) 
and Clapham ( 1937) who have reported gross pathological 
changes and formation of nodule in the fowl during the course 
of primary in fec t ions . The author be l ieves tha t the juveni les 
and the adu l t s only make the t i s sue sens i t ive by t h e i r 
presence; and the cause of caecal l e s i ons and formation of 
nodules are due to the repeated in fec t ions of the host with 
t h i s worm. Studies on occurrence of caecal nodules in 
na tu i^ l he t e r ak i a s i s vdiich follow now fu l ly supports t h i s 
assumption. 
Caeca of fowls infected in na ture apparent ly presented 
diseased patched and l e s ions on the surface. In some cases 
few areas of congestion have been observed. Microscopical 
examination of the sect ions prepared from the caeca were 
found to contain congestion of blood v e s s e l s d is tors ion of 
Fig. 83. Breach of the muscularis mucosa associar.ed v/ith 
Heterakis gallinarum. 
- 116 -
the superf ic ial l i n ing of the e p i t h e l i a l c e l l s (Fig.5^/ ) . 
In heavi ly infected fowls vftiere the caecal l e s i ons were 
apparent, the formation of caecal nodule was very much 
evident. The worms were in close associa t ion with the 
mucosa, some embedding t h e i r heads in i t , oiiiers enter ing 
in to the nodules (¥ig.3^' ) . The affected mucosa showed 
in f i l t r a t i .on of lymphoid c e l l s eosinophi ls , atrophy and 
necros i s of ep i the l i a l c e l l s . The degeneration and desqua-
mation of the superf ic ia l l i n i n g , are symptoms of Typhl i t i s 
a s reported by Tyzzer (1934). Most of the l e s i o n s were 
found in the sections of the caecum below the attachment of 
the mesentery. Lesions accompanied by l a rge number of nodules 
have been observed in the wall of both "tiae caeca. The 
nodules were a l l defined, i ^ i sed , c i r cu l a r and somewhat hard 
in texture . Nodules were not found in the caeca of normal 
fowls. 
Ihe sections a t nodular por t ions showed well formed 
nodules in the aub-mucosa and some in the mucosa (Fig.i^^ ) . 
Prom the musculature side these nodules were sometimes p r o l i -
ferated with muscularis mucosa f i b r e s . At cer ta in places 
there was heavy i n f i l t r a t i o n in the sub-mucosa together wilii 
many eosinophils and f i b r o b l a s t s . Invagination of p r o l i f e r a -
ted with muscularis mucosa f i b r e s . At ce r ta in p laces "tiiere 
**%.,*. 
- • ^ ^ 
Fig. 84, Caecum infected in nature with Heterakis g:allinarum 
showing distorsion of €he superficial lining of the 
epithelial cells. 
Fig, 85. Gaecwd infected in nature with Heterakis ^allinarum 
showing close association of the worm with the mucosa, 
some embedding their head in it, others entering into 
the nodules. 
•<! ..^'' >-, •. ,'*.^ A i;-. - .r^-/^ ;rif,n rm^i 
Pig, 86. Caecum infected in nature with Heterakis p:allinarumy 
showing the lymphocytes eosinophils and fibroblasts, 
around sub-^ mucosal nodule, having young Heterakis 
gallinarum. 
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was heavy i n f i l t r a t i o n in -Sie gu"b-mucoaa together with 
many eosinophils and f i b roh l a s t s . Invagination of 
p ro l i fe ra ted mucosa causing pressure atrophy of the 
musculature has a lso been observed. The presence of 
nodular l e s i ons ra i sed both serosal and mucosal surfaces. 
Grigorev (1959) bel ieved -that pertiaps some of adu l t s 
enter in the already formed nodules and thus cause pressure 
atrophy and necros i s of the e p i t h e l i a l c e l l s but Ihe const i -
tut ion of the nodules in iiie present study does not confirm 
•the views expressed by Grigorev, a s the nodules containing 
juveni les in th.e sub-mucosa, had no opening in th.e caecal 
lumen, 
Kaushik and Stiarma Deorani ( 1969) conducted experi-
ments on the responses of Heterakis gallinarum infec t ion in 
chickens. Their experiment with primary infec t ion produced 
no r e s u l t but nodules of varying s izes were observed in the 
caecal wall , only a f t e r subsequent in fec t ion of ttiese 
chickens witti 1iie worm, Bie types of nodules observed, one 
associated wiiii juveni les and the other witti t h e i r absence. 
The author a l so concluded tha t the nodules were due to 
i r r i t a t i o n caused by the juveni les and t h e i r metabol i tes , 
and tha t these were more a react ion to a l ready sens i t ized 
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caeca due to subsequent infection. Their conclusion 
appears to "be reasonable as tiiey never observed any 
trace of nodule formation during the course of primary 
infection vdth this worm. The present study i s furliier 
an elaboration of tiie facts presented by these woi^cers 
on -tiiis aspect. The fowl in natural conditions receive 
repeated doses of infection and so the occurrence of 
nodule in their caeca has beeh a common feature. "Sie 
ground i s s t i l l open for furiiier researches on the actual 
causes of formation of caecal nodules* viiether i t i s 
because of the metabolites being released by the juveniles 
and -Qie adults* or because of the already sensitized t issue 
of the host during i t s primary infection, or i t i s simply 
a manifestation of antibody antigen reaction, i s s t i l l 
debatable. 
Indirect l i f e cycle? 
* 
&raybill (1921) expressed surprise that l i ^ t 
infestation were obtained in the host th rou^ oral ingestion 
of Heterakis ova. He fed several hundred eggs to each chick, 
yet the number of worm in certain instances were very small. 
])orman (1928) had also a similar experience and a t t r ibuted 
th is failure to -ftie short duration of incubation. The author 
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a lso conducted experiment to i n f e c t chickens "by oral 
ingest ion of hatched juveni les viiich f a i l ed to produce 
any i n f e s t a t i on . He emphasized iiie fac t t ha t a secondary 
hos t i n vihich incubation and hatching of emhryos might 
occur, i s improbahle» and so no intermediate hos t i s 
necessary for completion of the l i f e cycle . B a l l i e t and 
Lancet (1892) and Ackert (1917) succeeded in i n f e s t i ng 
chickens by feeding dung i earth worm col lec ted from a 
poul t ry yard. Ihe l a t t e r author i n t e rp r e t ed -the r e s u l t 
i nd ica t ing tha t ova had apparent ly adhered to the worm or 
were car r ied within the body of earth worm, but did no t 
bel ieve the evidence and excluded the p o s s i b i l i t y t ha t -the 
earihworm m i ^ t have acted in some way a s an intermediate 
hos t . 
A survey conducted by the present author on na tu ra l 
*heterakiasis* indicated the involvement of some vec tor in 
i t s l i f e cycle . The inference drawn was based on the data 
viiich presented a va r i a t ion in -ftie incidence of infec t ion 
because the i n t e n s i t y of i n f e s t a t i on reached to i t s h i ^ e s t 
peak in ttie ra iny season and summer. Hence search for a 
probable vec tor prevalent during ra iny season was ca r r i ed 
out. Grasshoppers and earthworms which a re most abundant 
during such periods were ut i l issed in se t of experiments 
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conducted on chickens for investiga-fcion. 51rs t batch of 
grasshoppers col lected from the f i e l d f a i l ed to infuse any 
infect ion in the t e s t chickens, and so vas the case vriLth 
grasshoppers col lected nearby the poul t ry houses. But the 
grasshoppers reared in iiie labora tory infected vdth 
Heterakis gallinarum ova vfoen fed to chickens gave pos i t ive 
r e s u l t s and woims were recovered from the caeca, t h o u ^ few 
in number i . e . one worm per b i r d . Barliiwoniis col lec ted 
from nearby poul t ry yard induced infec t ion to such an extent 
•tiiat on an average 8,5 worms per b i r d were recovered from the 
caeca of the chickens. Comparatively l i ^ t yield of adu l t 
worm (avei^ge 2.8 per bi rd) was obtained from 1iie chickens 
fed with earthworms reared on f i l t e r paper induced in fec t ion . 
Recovery of worm was neg l ig ib le approximately one worm per 
b i rd in the th i rd category of earth worms col lec ted from 
sources vftiich had l e a s t p o s s i b i l i t y of the presence of 
Heterakis ova. Role of grasshoppers as a vec tor was l e a s t 
demonstrated in the present experiment. Earthworms in 
comparison to grasshoppers have shown liie p o s s i b i l i t y of 
carrying in fec t ive eggs and may take an ac t ive to le i n the 
transmission and propagation of caecal worm in fec t ion . 
Lund e t a l . (1958) have a lso enumearated 1iie importance of 
earthworms to serve as true vec to r , lliey believed iiiat -ftie 
eartiiworms ( i ) served as a means of accumulation of embryonated 
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eggs in concentrated form "because of i t s a M l i t y to migrate 
both, l a t e r a l l y and v e r t i c a l l y in the s o i l . These a lso 
( i i ) protected the ova from IJie fungal a c t i v i t y and predat ion 
by o-liier inve r t eb ra tes in iiie s o i l . 
Incidence of infect ion and seasonal v a r i a t i o n . 
The r e s u l t s obtained have been shown i n table 2 and 3» 
and represented by graphs A & B. I t i s evident from the study 
tha t h i ^ percentage of infec t ion of t h i s pa ra s i t e was found 
during Mie months of Ju ly to September and -the h i ^ e s t in iiie 
mon-tti of Ju ly wi1ii 61.33^. The lowest was found to be in -Qie 
month of January, vAien only 14.18^ in fec t ion was recorded. 
Hhe f igures for HeteraJcis ^^llinarum in fe s t a t i on 
obtained in the present survey genera l ly refer red to adu l t 
b i r d s . T3ie b i r d s vdiich were examined had been in a v a r i e t y 
of condit ions. 53ie source of indiv idual b i rd was not t raced, 
but these were received from a wide area around the c i t y of 
Aligaxh )iiich included a number of n e i ^ b o u r i n g v i l l a g e s a l s o , 
Qhe condit ions in viiich these fowls were reared were v a s t l y 
d i f ferent from one anoliier. In v i l l a g e condit ions very 
l i t t l e a t t e n t i o n , i f any i s paid to Hie food requirements of 
•&ie fowls, da i ly in the morning they are allowed to go any 
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Graph A. Frequency of infection of Heterakls galllnarum 
in fowls. 
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of t h e i r food, Hiere i s usual ly no control over the 
disposal of waste matter vftiich i s done ind iscr imina te ly 
a t the o u t s k i r t s of v i l l a g e s and tovois and popular 
forging s i t e s of these fowls are rubbish grounds and 
refuse depots vtiexe they feed on remains of human food 
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Graph B. Seasonal Incidencecof Heterakls Railinamm 
infection in fowl. 
P A R T - C 
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The h i ^ r a t e of incidence of caecal nematode, 
Heterakis gallinarum, among fowls and i t s disease assoc ia t ion 
has caused grea t economic l o s s to the country. I t i s estimated 
tha t more than 505^  of the "birds are l o s t annually due to t h i s 
i n fe s t a t ion , Diis Mg l o s s has made impossilDle the very idea 
of economic production. The problem of control of t h i s 
pa ras i t e i s assuming increas ing importance. !Qie most p r a c t i -
cal and important control measure i s 1iie use of an the lmint ics . 
A number of drugs were used and t h e i r ef f icacy \jas t e s t ed by 
exposing to experimentally infected chickens. 
EfcXperimental procedure 
Heterakis jscallinarum eggs were obtained by c u t t i n g 
up wiiii fine sc i s sors several f r e e l y co l lec ted adu l t females. 
Most of the f e r t i l e eggs were s e t t l ed a t the bottom of the 
dish leaving a grea t bulk of the i n f e r t i l e eggs and worm debr is 
in suspension, ffiiese were l a t e r el iminated by siphoning off 
the supernatant f lu id . The sediment containing f e r t i l e eggs 
o 
was kept in an incubator a t 27 j : 1 c for 17 days to achieve 
embryonation. Only cu l tu res l e s s than 6 weeks old were used 
to i n fec t chickens. 
The chickens infected with embryonated eggs were a t 
the age of 3 to 4 weeks. Each b i rd received in s i n ^ e 
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infec t ion about 600 eggs a s a standard dose. Bach b i rd of 
tlie experimental group and of the control group was fed vdth 
ova a l t e r n a t e l y in order to minimise poss ib le difference in 
the number of eggs received from the stock so lu t ions . 
Biese b i rds found pos i t ive vdth in fec t ion were 
i s o l a t e d and kept on vdre f loor cages for a week in advance 
in order to allow them to get accustomed to ihe new feeding 
environment. The b i rds were l a t e r t r ea ted with the following 
drugs in order to t e s t Ihe comparative eff icacy aga ins t 
Heterakis gallinarum in fec t ion . 
1. Phenothiazine 
2. Piperazine adipate 
5. Bhheptin - T 
4. Resorcinol 
5. Carbon te t rach lor ide 
6. Tetrachloroethyline 
7. Carbon di sulphide 
Hhe drugs to iiie chickens were given o r a l l y . Solid 
form of the drugs were given as food p e l l e t s a t the r a t e of 
100, 200, and 300 mg/kg body weight, and liiose in l i q u i d form 
as drops a t the ra te of 1 ml, 2 ml and 5 ml per kg body weight 
and var ious dosage were-spread over a t 10 A.M., 2 P.M., 6 P.M. 
and 10 P.M. during -the period of 24 hours . 
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Effect of medication on the adu l t worm was evaluated 
by examination of the faeces and necropsy of the t rea ted b i r d s . 
Following 24 hours and 72 hours of the treatment adu l t worms 
passed by a b i rd was recorded. Qhe b i r d s were sacr i f iced l a t e r 
small i n t e s t i n e and caeca were removed. Biese organs were cut 
open long i tud ina l ly and worms were recovered. Efficacy of -fee 
drugs on adu l t worms was determined by es t imat ing the p e r c e n t 
reduction of -Sie pa ras i t e in -Qie i n t e s t i n e and caeca of the 
t rea ted b i rds a s compared with iiiose recovered from the control 
b i rds a t necropsy. 
Resul ts and Discussion 
Summary of the r e s u l t s obtained are recorded in 
Tables 4 to 9 and presented by the Graph C, Phenothiazine 
effected the elemination of adu l t worms a t a l l doses. 
The i n i t i a l dose of 100 mg / kg body weight eliminated 
4 out of a t o t a l of 25 worms showing eff icacy of 
20.5^ (Table 4 ) . Bierapeutic a c t i v i t y of the drug increased 
with the increase in -the dosage and approximately ES^r) was 
obtained a t the h ighes t dose of 300 mg/kg. Anthelmintic 
a c t i v i t y of iiie drug was more e laboi^ted in tiiose experiments 
in vAiich t rea ted chickens were kept for 72 hours p r i o r to 
necropsy. This period was suf f ic ien t e n o u ^ to remove about 
15% of -ftie worms from 1iie infected chickens. The dose appeared 
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to be reasonably safe and useful . The res ta l ts a lso indica ted 
tha t the eff icacy of t h i s drug vias cor re la ted vdth the dose 
and tha t 300 mg/kg approached the optimum l e v e l . The drug in 
small multiple doses i s p a r t i c u l a r l y ac t ive in suppressing 
egg production, and the ef fect of drug may be accumulative 
for susceptible nematodes. The only draw back tha t the drug 
i s e a s i l y excreted by the hos t . 
McOulloch and Nicholson (1940) found 50 mg and 500 mg 
a s sa t i s fac tory individual dose. The average effect iveness 
ranged from 95 - 100^. About 500 times the saiallest ef fec t ive 
dose had no harmful e f fec t on ihe chickens, but these massive 
doses showed no an-ftielmintic ac t ion . 
The efficacy of phenothiazine as anthelmint ic depends 
very much upon 1iie loca t ion of -the pa ra s i t e in the digest ive 
t r a c t . I t was grea ter i n caecum and colon region than 1iie 
small i n t e s t i n e \diere mucosa i s more special ized for absorpt ion. 
Harwood and Guthrie (1944) have shown tha t the drug i s p a r t i a l l y 
effect ive in the removal of Ascarids, but Heterakids indica ted 
h i ^ su scep t ib i l i t y to t h i s medication. I t i s obvious thh,t 
•file drug has a d i f f e r en t i a l a f f i n i t y for ce r t a in nematodes. 
The drug a l t h o u ^ incapable of supressing the growth 
and development of the p a r a s i t e , but Wehr and Ol iv ier (1946) 
reported tha t the drug was quite capable of forcing the worms 
to be expelled out soon a f t e r reaching matur i ty . 
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The ottier t e s t drug, piperazine adipate was adiaiiiis-
tered a t the dose ra t e of 100, 200 and 300 mg/kg "body weight 
spread over a peilod of 24 hours. Number of worms passed out 
and worms recovered a t necropsy of tiie chickens a f t e r post 
treatment period of 24 hours and 72 hours are presented in 
Tables 4 to 6, The drug showed mild e f fec t a s on an average 
13.6, 24.3 and 34.5^ efficacy was obtained a t d i f ferent dosage 
l e v e l . The drug administered a t 300 mg/kg vdaich produced 
21.4 and 47.6^ efficacy duiing 24 h o u r s a n d 72 hours post 
treatment period was "the only sa t i s f ac to ry r e s u l t . Larson 
and Hansen (1957) studied iiie chemoprophylactic act ion of 
piperazine dihydrochlo3?ide in chickens and observed tha t t o t a l 
dosage above 500 mg/kg did not reduce the number of-adul t or 
l a rva l Heterakis gallinarum. Shumard and Bveleth (1955) 
believed tha t the drug i s more effect ive aga ins t Ascaridia 
a a l l i in fowls, but l e s s so agains t Heterakis gallinarum. 
Test car r ied out on experimentally infected chickens 
with Bnheptin-T medicated food provided not much promising 
r e s u l t s a s complete protect ion could no t be obtained. 
Chickens given the dose a t the r a t e of 100, 200 and 300 mg/kg 
body weight passed out only 2-5 worms out of ihe t o t a l of 
approximately 20-25 worms recovered a t necropsy (Table 4 to 6 ) , 
The drug was p a r t i a l l y effect ive a t the dose r a t e of 300 mg/kg 
with the post treatment period maintained for about 72 houry 
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as i t ^ v e on an average 18.4% eff icacy. However, Horton-
Smith and Long (1951) in a se r i es of experimentally infected 
poul ts vd1ii Heterakis gallinarum have foimd Snheptin-T a s 
the most effect ive compoimd. A mash containing 0.05% drug 
f i r s t fed on the 4th day a f t e r infec t ion gave complete 
protect ion vfaile 0.1% proved exce l len t in the treatment of 
es tabl ished in fec t ion . Swales (1952) a lso confirmed 
anthelmintic a c t i v i t y of t h i s drug on -ftie l a rva l stages of 
H. gallinainim. 
Other drugs tes ted to demonstrate the anthelmint ic 
a c t i v i t y were foimd to he inef fec t ive except carbon t e t r a -
chlor ide . An BID50 v'a-s obtained wiih the use of single oral 
dose of carbon te t rach lor ide a t iiie dose r a t e of 3 ml/kg 
a f t e r "the post treatment duration of 72 hours . Oliier 
compounds (wj.th maximum doses given in paren-Qiesis) t es ted 
were resorc inol (300 mg/kg) , te t rachloroethylene (3 ml/kg), 
carbon disulphide (3 ml/kg) gave 10.5%, 16.6% and 12.4% 
efficacy respec t ive ly . These r e s u l t s demonstrated the complete 
fa i lu re of the drugs aga ins t Heterakis gallinarum in fec t ion , 
and in some cases these have shown to produce some unheal-Uiy 
side e f f ec t s . I t was observed tha t increase in liie maximum 
to le ra ted dose of te t rachloroethylene , carbon disulphide and 
resorcinol may even cause the death of chickens. But in case 
of phenothiazine, piperazine ad ipa te , Shheptin-T and carbon 
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Graph C. Per—cent efficacy of different drugs at 
various doses on Heterakls gallinarum. 
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S U M M A R Y 
A deta i led study on iiie h i s t o log i ca l anatomy of the 
worm has been carr ied out by preparing s e r i a l sec t ions of 
the worm t h r o u ^ paraff in microtechnique. Body wall has been 
found to be const i tu ted of three d i s t i n c t components -
cu t icu la , sub-cuticula and musculature. The cu t icu la has 
been found to contain five d i f ferent l a y e r s . Ihe gub-
cut icula i s a syncytial l aye r ly ing below the cu t i cu la . I t 
bulges in to the pseudocoel a t four regions of the body in 
the form of r idges vfliich are known as dorsal i ven t r a l and 
l a t e r a l chords. The chords landergo modificat ions a t the 
regions of the nerve- r ing , excretory pore, vulva and anus, 
ttie chords a lso serve to hold in them the longi tud ina l 
nerves and 1he l a t e r a l excretory canals . The musculature 
cons is t s of a single l aye r of more or l e s s spindle-shaped 
muscle c e l l s at tached to the gub-cuticula t h r o u ^ o u t the 
en t i r e length of -the body. The musculature i s of the poly-
myarian and coelomyarian type. Because of the longi tudina l 
chords the musculature has been found to be iiirown. i n to four 
sec tors . 
(Hie digest ive system in Heterakis gallinainim cons i s t s 
of a simple and s t r a i ^ t tube extending throughout liie body 
- 150 -
from ttie an t e r i o r mouth opening to terminate in iiie pos te r io r 
p a r t on the vent ra l side of the body. The mouth opening i s 
rounded and encircled by three l ips» two l a t e r o - v e n t r a l and 
one dorsal in pos i t ion , and each of Hie l i p i s provided vdth 
two cephalic pap i l l ae . The mouth v i a a short stoma opens 
in to the oesophagus vfcich i s tubular in the beginning but 
terminates in to a bulb. The lumen of the oesophagus i s t r i -
rad ia te and the end bulb i s provided with a va lve . The 
oesophagus i s covered over by a layer ca l led tunica propria 
and the groimd t i ssue i s comprised of marginal and r ad ia l 
muscle viiich also enclosed in them the oesophageal glands and 
the nerve t i ssue from the sympathetic nervous system. The 
i n t e s t i n e i s a s t r a i ^ t tube, the wall of viiich i s composed 
of e p i t h e l i a l c e l l s . I t has been divided in to three regions; 
an t e r io r p a r t or the ven t r i cu l a r region, raid-part or the 
i n t e s t i n e proper and pos te r io r p a r t or the pre~recta l region. 
The i n t e s t i n e communicates fur ther in to Mie rectum v ia the 
i n t e s t i n o - r e c t a l va lve . The rectum i s a short i r r e g u l a r 
f la t tened tube l ined ins ide by the general body c u t i c l e . I t 
a l so receives the opening of the r e c t a l glands near i t s 
junction with the i n t e s t i n e . In females the rectum forms an 
e x i t through the anal pore on liie ven t ra l s ide, but in males 
a common ano-genital passage,the cloaca i s present vAiich 
r e s u l t s in the modification of the rectum. 
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BIG excretory system i s tha t of simple H-type and 
comprised of an excretory pore, terminal excretory canals . 
13ac excretory pore i s s i tua ted in iiie an t e r io r p a r t of the 
"body shor t ly behind the nerve- r ing . I n t e r n a l l y i t l e ads 
in to the teiminal excretory duct, viiich passes t h r o u ^ the 
t i s sues of the vent ra l nerve chord, f i r s t in the an te ro-
dorsal d i rec t ion , then "bends backwards and opens in to the 
excretory sinus. Ihe sinus v ia t ransverse canal , forms 
communication with the l a t e r a l excretory canals . 
The main p a r t of Ihe nervous system i s the nerve r i ng , 
var ious ganglia and nerves associa ted vdth them. From the 
neive r i ng six cephalic p a p i l l a r y nerves$ 2 sub-dorsal , 
2 sub-ventral and 2 l a t e r a l ascend upwards to the head end 
and terminate a t the base of iiie cephalic pap i l lae of the 
respect ive l i p s . Associated wiih the nerve- r ing are found 
four cephalic ganglia - dorsa l , ven t ra l and a pa i r of l a t e r a l 
ganglia being embeded in the respect ive chords. Amphids 
receive nerves which or ig ina te from the amphidial ganglia 
present in close opposition to the l a t e r a l gangl ia . Pour 
main nerves , the so cal led somatic nerves or ig ina te from the 
respect ive ganglia and proceed p o s t e r i o r l y in the chords t i l l 
the hinder pa r t of ihe body. "Hie dorsal somatic nerve termina-
t e s i n s i g i i f i c a n t l y , but the ven t r a l nerve form the pre-anal 
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ganglion and terminates i n to the anal ganglion close to iJie 
anus. Tlie l a t e r a l somatic nerves form the iTunlDar ganglion 
in iiie caudal region and terminate in to the phasmids. In 
males five pa i r of nerves a r i s e from l a t e r a l somatic nerves 
and innervate the geni ta l papi l lae and the sucker. 
Female reproductive system comprised of vulva, vagina, 
u te rus , oviduct and ovary. The worm f a l l s in the didelphic 
and amphidelphous group. Each of Ihe ovary i s composed of 
an e p i t h e l i a l l ayer and a germinal chord, the bl ind end of 
i t i s covered by a small ce l l knovffi as the cap c e l l . The ovary 
i s divided in to germinal zone and growth zone, containing 
germ c e l l s in d i f fe ren t stages of development. Ovary communi-
cates in to the oviduct /^Alich has got two l a y e r s in i t s wall , 
tile outer membranous l aye r and the inner e p i t h e l i a l l aye r . 
The oviduct running for a short distance opens in to -ftie 
u te rus i s a thin walled wide tube viiich occupies most of 
the avai lable space in the body. The two u t e r i jo in and 
communicate in to tiie vagina. The vagina i s a narrow tiiick 
wall and h ighly muscular tube, the terminal p a r t of i t i s 
termed as the ov i jec tor . The vulva i s in the form of a 
transverse s l i t and i s equator ia l , 
The male reproductive system i s more or l e s s in the 
form of a s t r a igh t tube. I t begins with a single i r r e g u l a r 
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t e s t i s present in liie an t e r i o r p a r t of the "body, viiich i s 
continued a f t e r a sharp cons t r ic t ion in to a small seminal 
r e se rvo i r . The l a t t e r narrows towards i t s d i s t a l , end and 
forms liie vas deferens vftiich "becomes h i ^ l y muscular in i t s 
d i s t a l p a r t and opens in to ihe cloaca. There are a number 
of accessory organs associated with the male geni ta l appara-
tus . Ihese include the caudal a l a e , caudal pap i l l ae two 
unequal spicules and the sucker. 
Prel iminary observations on the l i f e cycle of the 
woim has a lso been undertaken. This comprised of iiie study 
of the embryonic development upto Mie i n fec t ive stage« 
Different media were tes ted for cu l t i va t ion of ova a t d i f f e -
ren t temperatures. In media containing d i s t i l l e d water and 
15^  formalin, f i r s t d ivis ion of the single cel led stage took 
place a f t e r 21 hours. During iiie f i r s t stage of the cleavage 
the egg appeared exceedingly granular , and the nuclei of the 
two r e s u l t i n g blastomeres were pe r iphe ra l ly loca ted . In most 
of iiie cases the r e s u l t i n g blastomeres divided simultaneously, 
quickly followed by fur ther d iv i s ions forming a morula in 
three days. Iiie a c t i v i t y continue for five days and in the 
mean time a depression formed between Uie two types of b l a s t o -
meres and the embryo grew te iminal ly transforming i t i n t o a 
vermiform embryo. OSie viiole process was completed in 13 days. 
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In normal sal ine f i r s t divis ion occurred in 24 hours* morula 
stage was produced in 4 days and complete development vra.s 
obtained in 15 days. Ihe development in potassium dichromate 
was slow and the viiole sequence completed in 17 days. Develop-
ment in n i t r i c acid was qui te r a p i d a n d took only 16 days for 
i t s completion. 
Post embryonic development and migratory course in 
vivo was made by feeding embryonated ova to groups of 
pa ras i t e free chickens reared in the l abora to ry . Hatching 
of the ova took place in the proximal por t ion of tlie 
i n t e s t i n e in 2-3 hours , and second s t a t e juven i les reached 
the caeca within l68 hours . 5he juven i les ins tead of under-
going normal development in the lumen of -fee caeca a s 
believed e a r l i e r , entered in to a t i s sue phase involving the 
mucosa and sub-mucosa l a y e r s . After the completion of 1iie 
th i rd molt, the fourth stage juveni les appeared again in 
the lumen of the caeca wiihin 224 hours of the i n i t i a l 
in fec t ion . During the 28 - 30 hours "these passed t h r o u ^ 
the fourth molt and typical a d u l t s were produced in 18 - 20 
days. The viiole developmental process wilhin 1iie hos t , was 
completed in 29 - 31 days. 
!Qie sect ions of the caeca taken from chickens during 
the course of t h e i r primary infec t ion presented degenerative 
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changes in -the superf ic ia l l i n ing of "the e p i t h e l i a l c e l l s 
and i t s ^ a n d s . Breach of muscularis mucosa has a lso "been 
observed. Studies on na tu ra l 'he tera lc ias is" was a lso made 
and the fowls infected in na tu ra l condit ions presented 
diseased patches and leg ions on 1he surface of the caeca. 
'Sae sect ions showed well formed nodules in the sub-mucosa 
and some in -the mucosa. At cer-t:ain p laces -there had been 
heavy inf i l t ra - t ion in -the sub-raucosa toge-tiier wi-tii many 
eosinophils and f i b r o b l a s t s . Invagina-Hon of ttie p ro l i fe ra -
ted mucosa causing pressure atrophy of the musculature has 
a lso been observed. 
Heteirateis ^ l l i n a r u m i s believed to have a d i r e c t 
development. Search for a probable vec to r was a lso car r ied 
out. Earthworms and grasshoppers viiich are most abundant 
during ra iny season were u-tri.lised in se t of experiments on 
chickens conducted for inves-tigation, Tae r e s u l t s ob-tained 
presented a pos i t ive ro le of earihworms a s vec tor in -the 
transmission of i n fec t ion . 
S-t^udies on -the incidence of the worm among fowl 
popula-Hon of Aligaih D i s t r i c t has been conducted for a 
year. The r e s u l t s ob-tained show seasonal v a r i a t i o n in -tiie 
incidence of in fec t ion , the h i ^ e s t percentage was found 
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duiring liie months of Ju ly and Aug^st ( r a i n y season) the 
lowest in DecemlDer and January (dry season). 
(2hemotherapeutic measures agains Hete3?alcis gallinamxm 
were also undertaken by using d i f fe ren t anthelmint ics drugs. 
Screening of var ious chemical to "be used a s anthelmint ic was 
made. Different doses of the drugs were administered and 
efficacy was studied \>j exposing i t to the infected chickens. 
A comparative eff icacy of these chemicals "based on the worms 
eleminated in the faeces and recovery of adu l t worms on 
necropsy was worked out. I t was observed tha t pheno-thiazine 
i s the most effect ive drug aga ins t Heterakis gallinarum, viiile 
piparazine adipate and Bnheptin-T comes next and to some extent 
carbon te t ras^ loxide was a lso e f f ec t i ve . Eest of the drugs» 
i . e . r e so rc ino l , te t rachloroethylene and carbon disulphide 
were quite e f fec t ive . In some cases , liiese were found to 
produce some unhealthy s ide-e f fec t s and may even cause death 
of the chicken. 
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